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PREFACE. 


It was not my intention to write a preface to this 
book, as I have usually found such compositions neither 
instructive nor amusing. On presenting the manuscript 
to my publishers, however, it was suggested that, al- 
though prefaces are of no particular use to readers, yet 
from a certain point of view they are not without value. 

I accordingly beg leave to state that my object in this 
work has been to present, in a clear, logical, and if possi- 
ble attractive fonn, the fundamental facts connected with 
our perception of colour, so far as they are at present 
known, or concern the general or artistic reader. For 
the explanation of these facts, the theory of Thomas 
Young, as modified and set forth by Helmholtz and 
Maxwell, has been consistently adhered to. The whole 
class of musical theories, as well as that of Field, have 
been discarded, for reasons that are set forth in the text. 

Turning now from the more purely scientific to the 
sesthetic side of the subject, I will add that it bos been 
my endeavour also, to present in a simple and comprehen- 
sible manner the underlying facts upon which the artistic 
use of colour necessarily depends. The possession of these 
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facts win not enable people to become artists ; but it may 
to some extent prevent prdinaiy persons, critic% and even 
painters, from talking and writing about colour in a loose, 
inaccurate, and not always rational manner. More than 
this is true : a real knowledge of elementary facts often 
serves to warn students of the presence of difficulties 
that are ahnost insurmountable, or, when they are already 
in trouble, points out to them its probable nature ; in 
short, a certain amount of rudimentary information 
tends to save useless labour. Those persons, therefore, 
who are really interested in this subject are urged to 
repeat for themselves the various experiments indicated 
in the text. 

In the execution of this work it was soon found that 
many important gaps remained to be filled, and much 
time has been consumed in original researches and ex- 
periments. The results have been briefly indicated in 
the text ; the exact means employed in obtaining them 
vdll be given hereafter in one of the scientific journals. 

To the above I may perhaps be allowed to add, that 
during the last twenty years I have enjoyed the great 
privilege of familiar intercourse with artists, and during 
that period have devoted a good deal of leisure time to 
the practical study of drawing and painting. 


O. N. E. 
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MODERN CHROMATICS. 


CHAPTER 1. 

Tim REFLECTION AND TRANSMISSION OP LIGHT. 

As long ago as 1705 it occurred to a German physicist 
to subject the optic nerve of the living eye to the influence 
of the newly discovered voltaic current. The result obtained 
was curious : the operation did not cause pain, as might 
have been expected, but a bright flash of light seemed to 
pass before the eye. This remarkable experiment has since 
that time been repeated in a great variety of ways, and 
with the help of the more eflicient electric batteries of mod- 
ern times; and not only has the original result of Pfaff been 
obtained, but bright red, green, or violet, and other hues 
have been noticed by a number of distinguished physicists. 
If, instead of using the electrical current, mechanical force 
be employed, that is, if pressure be exerted on the living 
eye, the optic nerve is again stimulated, and a series of bril- 
liant, changing, fantastic figures seem to pass before the 
experimenter. All these appearances are distinctly visible 
in a perfectly dark room, and prove that the sense of vision 
can be excited without the presence of light, the essential 
point being merely the stimulation of the optic nerve. In 
the great majority of instances, however, the stimulation of 
the optic nerve is brought about, directly or indirectly, by the 

B 
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aid of light ; and in the present work it ivS principally with 
vision produced in this normal manner that we have to deal. 

Back in the rear portion of the eye there is spread out a 
delicate, highly complicated tissue, consisting of a wonder- 
fully fine network woven of minute blood-vessels and 
nerves, and interspersed with vast numbers of tiny atoms, 
which under the microscope look like little rods and cones. 
This is the retina ; its marvellous tissue is in some mysteri- 
ous manner capable of being acted on by light, and it is 
from its substance that those nerve-signals are transmitted 
to the brain which awake in us the sensation of vision. 
For the sake of brevity, the interior globular surface of the 
retina is ordinarily called the seat of vision. An eye pro- 
vided only with a retina would still have the capacity for 
a certain kind of vision ; if plunged in a beam of red or 
green light, for example, these colour-sensations would be 
excited, and some idea might be formed of the intensity or 
purity of the original hues. Some of the lower animals 
seem to be endowed only with this rudimentary form of 
vision ; thus it has lately been ascertained by Bert that 
minute crustaceans are sensitive to the same colours of the 
spectrum which aifect the eye of man, and, as is the case 
with him, the maximum effect is produced by the yellow 
rays. With an eye constructed in this simple manner it 
would, however, be impossible to distinguish the forms of ex- 
ternal objects, and usually not even their colours. We have, 
therefore, a set of lenses placed in front of the retina, and 
so contrived as to cast upon it very delicate and perfect 
pictures of objects toward which the eye is directed ; these 
pictures are coloured and shaded, so as exactly to match the 
objects from which they came, and it is by their action on 
the retina that we sec. These retinal pictures are, as it 
were, diosaics, made up of an infinite number of points of 
light ; they vanish with the objects producing them — 
though, as we shall see, their effect lasts a little while after 
they themselves have disappeared. 
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This leads us in the next place to ask, “ What is light, 
. that agent ^ which is able to produce effects which to a 
thoughtful mind must always remain wonderful ? ” A per- 
fectly true answer to this question is, that light is some- 
thing which comes from the luminous body to us ; in the 
act of vision we are essentially passive, and not engaged in 
shooting out toward the object long, delicate feelers, as was 
supposed by the ancients. This something was considered 
by Sir Isaac NcAvton to consist of fine atoms, too fine al- 
most to think of, but moving at the rate of 180,000 miles in 
a second. According to the undulatory theory, however, 
light consists not of matter shot toward us, but of undula- 
tions or waves, which reach our eyes somewliat in the same 
way as the waves of water beat on a rocky coast. 

The atoms, then, which compose a candle flame are 
themselves in vibration, and, communicating this vibratory 
movement to other particles with ■which they are in con- 
ract, generate waves, which travel out in all directions, like 
the circular waves from a stone dropped into quiet water ; 
tliese waves break finally upon the surface of the retina, 
and cause in some unexplained way the sensation of sight — 
we see the candle flame. Substances which are not self- 
luminous cannot be seen directly or without help ; to ob- 
tain vision of them it is necessary that a self-luminous body 
also should be present. The candle flame pours out its 
flood of tiny waves on the objects in the room ; in the act 
of striking on them some of the waves are destroyed, but 
others rebound and reach the eye, having suffered certain 
changes of which we shall speak hereaftei\ 

This rebound of the wave we call reflection ; all bodies 
in the room reflect some of the candle light. Surfaces which 
are polished alter the direction of the waves of light falling 
on them, but they do not to any great extent scatter them 
irregularly, or in all directions. It hence follows that pol- 
ished surfaces, when they reflect light, present appearances 
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totally unlike those furnished by surfaces which, though 
smooth, are yet destitute of polish ; the former are apt to. 
reflect very much or very little light, according to their 
positions, but this is not true to the same extent with un- 
polished surfaces. Tlie power which different substances 
hai e under various circumstances to reflect light is not 
without interest for us ; we shall see hereafter that this is 
a means often employed by nature in modifying colour. 

As a general thing polished metallic surfaces are the 
best reflectors of light, and may for the most part be con- 
sidered by the artist as reflecting all the light falling on 
them. Polished silver actually does reflect ninety-two per 
cent, of the light falling perpendicularly on it ; and though 
the percentages reflected by steel and other metals are 
smaller, yet the difference is not ordinarily and easily dis- 
tinguished by an untrained eye. 

The case is somewhat different with smooth water : if 
light falls on it making a small angle with its surface, the 
amount reflected is as large as that from a metallic surface ; 
while, if the light falls perpendicularly on it, less than four 
per cent, is reflected. Thus with a clear blue sky and 
smooth water wo find that distant portions of its surface 
appear very bright, while those at the feet of tlie observer 
are of an almost unbelievable dark-blue tint. In this par- 
ticular instance, the difference between the brightness of 
near and distant portions of the water is still further exag- 
gerated by the circumstance that the sky overhead is less 
luminous than that near the horizon ; and the distant por- 
tions of the sheet of water reflect light which comes from 
the horizon, the nearer portions that which has its origin 
overhead. The reflecting power of water is constantly 
used by artists as a most admirable means of duplicating in 
a picture a chromatic composition, and easily affords an op- 
portunity, by slight disturbances of its surface, for the 
introduction of variations on the original chromatic design. 

It may here be remarked that in actual landscapes con- 
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taining surfaces of still water, it ordinarily happens that 
,the reflected pictures are not exactly identical with those 
which are seen directly, and the difference may often be 
considerable. For example, it may easily be the case that 
an object beyond the water, and situated at some distance 
from it, is not seen in the reflected picture at all, light from 
it either not reaching the water, or reaching the water and 
not being reflected to the eye of the observer. 

Polished surfaces, as we have seen, reflect light not only 
in large quantity, but they as it wore press the light well 
together in rather sharply defined masses ; with unpolished 
surfaces the case is entirely different, the light which falls 
on them being scattered in all directions. Hence, where- 
ever the eye is placed, it receives some of this light, and a 
change of position produces far less effect on the quantity 
received than is the case with light reflected from polished 
surface>s. Owing to their power of scattering light in all 
directions, rough surfaces, however situated, never send 
very intense light to the eye. 

If a surface of white linen drapery be illuminated by a 
dozen different sources, it will reflect to the ej'^e a sample of 
each kind of light, and what we call its hue will be made 
up of as many constituents. When we remember that all 
the different objects in a room reflect some, and usually 
coloured light, we see that the final tint of our piece of linen 
drapery depends not only on the circumstance that its natu- 
ral colour is white, but also on the presence and proximity of 
curtains, books, chairs, and a great variety of objects ; the 
final colour will hence not be exactly white, but some delicate, 
indescribable hue, difficult of imitation except by practiced 
artists. With objects which are naturally coloured, or which 
show colour when placed in white light, the case becomes 
still more complicated. Let us suppose that our drapery 
when placed in pure white light appears red ; its hue will 
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still be modified by the light it receives from objects in the 
room : for example, if it receives some green light from 
objects of this colour placed in its neighbourhood, the red 
hue will incline toward orange; if the added portion of 
light be yellow, the tendency to orange will be still more 
marked ; on the other hand, light received from blue or 
violet surfaces will cause the red to pass into crimson or 
even purple. The grandest illustrations of these changes 
we find in those cases where objects are illuminated simul- 
taneously by the yellow rays of the sun and the blue light 
of the clear sky : here, by this cause alone, the natural 
colours of objects arc modified to a wonderful extent, and 
elfects of magical beauty produced, which by their intricacy 
almost defy analysis. The nature of these changes will be 
considered in a subsequent chapter, after the principles upon 
which they depend have been examined. 

Finally, it may not be altogether out of place to add 
that the majority of paintings and chromatic designs are 
seen by the aid of light which they rejhvt in a diffused way 
to the eye of the observer ; transparencies, designs in stained 
or painted glass^ etc., are, on the other hand, seen by light 
which passes entirely through their substance before reach- 
ing the eye. Corresponding to this we find that by far the 
larger proportion of natural objects act upon our visual 
organs by means of reflected light, while a few only are 
seen by a mixture of reflected and transmitted light. It 
hence follows that Nature and the painter actually employ, 
in tlie end, exactly the same means in acting on the eye of 
the beholder. This point, seemingly so trite, is touched 
upon, as an idea seems to prevail in the minds of many per- 
sons that Nature paints always with light, while the artist 
is limited to pigments : in point of fact, both paint with 
light, though, as we shall hereafter sec, the total amount at 
the disposal of the painter is quite limited. 
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In concluding this matter of reflection, we may perhaps 
be allowed to add that the term reflection is quite frequent- 
ly confused with shadow — the reflected image of trees on 
the edge of quiet water being often spoken of as the shadows 
of trees on the water. The two cases are of course essen- 
tially different, a genuine, well-defined shadow on water 
scarcely occurring except in cases of turbidity. 

We have seen that all bodies reflect some of the light 
falling on them ; it is equally true that they transmit a 
certain portion. A plate of very pure glass, or a thin layer 
of pure water, will transmit all the light falling on it, ex- 
cept that which is reflected ; they transmit it unaltered in 
tint, and we say they are perfectly transparent and colour- 
less substances. Here we have one of the extremes ; the 
other may be found in some of the metals, such as gold or 
silver : it is only when they are reduced to very thin leaves 
tliat they transmit any light at all. Gold leaf allows a lit- 
tle light to pass through its substance, and tinges it bluish- 
green. Almost all other bodies may be ranged between 
these two examples ; none can be c onsidered absolutely 
transparent, none perfectly opaque. And this is true not 
only ill a strietly philosophical sense, but also in one that 
has an especial bearing on our subject. The great mass of 
objects with which we come in daily contact allow light to 
penetrate a little way into their substance, and then, turn- 
ing it hack, reflect it outward in all directions. In this 
sense all bodies have a certain amount of transparency. 
The light which thus, as it were, just dips into their sul>- 
stance, has by this operation a change impressed on it ; it 
usually comes out more or less coloured. It hence follows 
that, in most cases, two masses of light reach the eye : one, 
wliich has been superficially reflected with unchanged colour; 
and another, which, being reflected only after penetraticn, 
is modified in tint. Many beautiful effects of transluceney 
are due to these and strictly analogous causes ; the play 
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of colour on the surfaces of waves is made up largely of 
these two elements ; and in a more subdued way we find , 
them also producing the less marked translucency of foliage 
or of flesh. 

One of the resources just mentioned the painter never 
employs : the light which is more or less recfularly reflected 
from the outermost surface, he endeavours to prevent from 
reaching the eye of the beholder, except in minute quanti- 
ty, his reliance being always on the light which is reflected 
in an irregular and diffused way, and which has for the 
most part penetrated, first, some little distance into his 
pigments. 

The glass-stainer and glass-painter make use of the 
principle of the direct transmission of light for the display 
of their designs. Now, as painted or stained glass trans- 
mits enormously more light than pigments reflect in a prop- 
erly lighted room, it follows that the worker on glass has at 
his disposal a much more extensive scale of light and shade 
than the painter in oils or water-colours. Owing to this 
fact it is possible to produce on glass, paintings which, in 
range of illumination, almost rival Nature. The intensity 
and purity of the tints which can thus be produced by 
direct transmission are far in advance of what can be ob- 
tained by the method of reflection, and enable the designer 
on glass successfully to employ combinations of colour 
which, robbed of their brightness and intensity by being 
executed in oils or fresco, would no longer be tolerable. 
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PRODUCTION OF COLOUR BY DISPERSION. 

In the previous chapter we have seen that the sensation 
of sight is produced by the action of very minute 'svaves on 
the nervous substance of the retina ; that is to say, by the 
aid of purely mechanical movements of a definite character. 
When these waves have a length of about inch, 

they produce the sensation which we call red — we see red 
light ; if they are shortened to xxoirs^ inch, their ac- 

tion on us changes, they call up in us a different sensation 
— we say the light is coloured orange ; and as the lengths 
of the waves are continually shortened, the sensation passes 
into yellow, green, blue, and violet. From this it is evident 
that colour is something which has no existence outside and 
apart from ourselves ; outside of ourselves there are merely 
mechanical movements, and we can easily imagine beings 
so constructed that the waves of light would never produce 
in them the sensation of colour at all, but that of heat. 

The colour-sensations just mentioned are not the only 
ones capable of being produced by the gradual dimimitioii 
of the wave-length : between the red and orange we find 
every variety of orange-red and red-orange hue ; the or- 
ange, again, changes by a vast number of insensible steps 
into yellow, and so of all the other tints. Types of all 
colours possible, except the purples, could be produced by 
this method. The colours generated in this way would not 
only pass by the gentlest gradations into each other, form- 
ing a long series of blending hues, but they would also be 
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perfectly pure, and, if the light was bright, very intense. 
The advantage of providing, in the beginning of our colour 
studies, a set of tints possessing these precious ‘qualities, is 
evident without much argument. 

Now, white light consists of a mixture of waves pos- 
sessing every desirable degree of length, and it is only ne- 
cessary to select some instrument which is able to sort out 
for us the different kinds of light, and neatly arrange them 
side by side in an orderly series. Fortunately for us, we 
find in the glass prism a simple and inexpensive apparatus 
which is able to effect the desired analysis. We may, if we 
are willing to take a little trouble, arrange matters so as to 



Fig, 1.— Prismatic Spectrum. 


repeat the famous experiment made by Newton many years 
ago : viz., admit a small beam of sunlight into a darkened 
room, and allow it to fall on the prism, as indicated in Fig. 
1. We shall notice, by observing the illuminated path of 
the sunbeam, that the prism bends it considerably out of 
its course ; and, on tracing up this deflected portion, we 
shall find it no longer white, but changed into a long streak 
of pure and beautiful colours, which blend into each other 
by gentle gradations. If this streak of coloured light be 
received on a wdiite wall, or, better, on a large sheet of 
white cardboard, the following changes in the colours can 
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be noticed : It commences at one end with a dark-crimson 
hue, which gradually brightens as we advance along its 
length, changing at the same time into scarlet ; this runs 
into orange, the orange becomes more yellowish, and con- 
trives to convert itself into a yellowish-green without pass- 
ing noticeably into yellow, so that at firet sight yellow does 
not seem to be present. The orange-yellow and greenish- 
yellow spaces are brighter than any of the others, but the 
rise in luminosity is so gradual that the difference is not 
striking, unless we compare these two colours with those at 
a considerable distance from them. As we pass on, the ten- 
dency to green becomes more decided, until finally a full 
green hue is reached. This colour is still pretty bright. 



Fig. 2 — Mode of isolating a Single Colour of the Prismatic Spectrum. 


and not inferior to the red in intensity ; by degrees it 
changes into a greenish-blue, which will not at first attract 
the attention ; next follows a full blue, not nearly so bright 
as the green, nor so striking ; this blue changes slowly into 
a violet of but little brightness, which completes the series. 
If we wish to isolate and examine these tints separately, 
we can again follow the example of Newton, by making a 
small, narrow aperture in our cardboard, and use it then as 
a screen to intercept all except the desired tint, as is indi- 
cated in big. 3. In tliis manner we can examine separate 
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portions of our spectrum more independently, and escape 
from tlie overpowering influence of some of the more in- 
tense tints. Under these circumstances the grcenish-hlue 
becomes quite marked, and the blue is able to assert itself 
to a greater degree ; but the yellow will not be greatly 
helped, for in fact it is confined to a very narrow region, 
and it is only by greatly magnifying the spectrum that we 
can obtain a satisfactory demonstration of its existence. 

These experiments, though very beautiful, are quite 
rough ; every two minutes the beam of sunlight strays 
away from the prism and needs again to be directed toward 
it ; and besides that, tlic colours blend into eacli other in 
such a subtile, puzzling way, that, without a scale or land- 
mark of some kind to separate them, it seems hopeless to 
undertake any exact experiments. In this difficulty it is to 
the spectroscope that we must turn for aid ; it was certainly 
not originally contrived for such purposes as these, but 
nevertheless is just what we need. It is not necessary to 
stop to describe the instrument, Jis this has been done by 
Professor Lommel in another volume of this series ; it is 
enough for us that it is a convenient instrument for sorting 
out the different kinds of light which fall on it, according 
to their wave-length, and that it performs this work far 
more accurately than a prism used according to Newton’s 
plan. J ust at this point we can take advantage of a sin- 
gular discovery made by Fraunhofer, and independently 
to some extent by Dr. Wollaston, early in the present cen- 
tury. These physicists found that when the coloured band 
of light just described is produced by a spectroscope, or 
by apparatus equivalent to one, the band is really not con- 
tinuous, but is cut up crosswise into a great many small 
spaces. The dividing lines are called the fixed lines of the 
solar spectrum. Almost their sole interest for us is in the 
fact that they serve as admirable landmarks to guide us 
through the vague tracts of ill-defined colour. Fig, 3 shows 
the positions of some of the more important fixed lines of 
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* It will be noticed that the term indigo^ 
originally introduced by Newton, has been 
entirely rejected in this work, and ultrama- 
rine substituted for it. Bczold suggested 
this change some time ago, basing his ob- 
jection to indigo on its dinginess ; the au- 
thor, liowevor, finds a much more fatal ob- 
jection in the fact that indigo in solution, 
and as a pigment, is a somewhat greenish- 
blue, being really identical with Prussian- G 
blue in colour, only far blacker. In the 
dry state this tendency to greenness is neu- 
tralized by the reddish tinge which the sub- 
stance sometimes assumes ; it was probably 
used by Newton in the dry state. A mix- 
ture of six parts of artificial ultramarine- 
blue, two parts white, and ninety-two parts 
black, when mingled according to the meth- 
od of Maxwell’s disks, furnishes a colour n 
quite like that of commercial indigo in the 
dry state. 


the spectrum. The figure is based on measurements made 
by the auth(^r on a flint-glass prism, ^ 
with aid of a large spectroscope, 
or rather spectrometer, admirably 
constructed by Wm. Grunow, of ^ 

New York. At the same time a c 
series of observations was made 
on the extent of the coloured 
spaces in the spectrum ; these are d 
indicated in the figure, and ac- 
curately given in one of the ta- 
bles that follow.* Let us sup- 
pose that the spectrum from A to 
H includes 1,000 parts ; then the 
following table indicates the po- 
sitions of the fixed lines : 


►Ked. 


Red-oranj^e. 

Oraiifs^o. 

Oran{?e-yellow. 

Yellow. 

Green -yellow 
► and 
Tcllow-grecn. 


Green and 
^ Blue-green. 


k Cyan-blue. 


> Blue and 
Blue -violet. 


Violet. 


Fig. 8.— Fixed Lines and Coloured 
Spaces of Prismatic Spectrum. 
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Fixed Lines of the Prismatic Spectuem. 


0 1 

E 

363*11 

4005 

h 

389-85 

'74-02 

F 

493-22 

112-'71 

G 

'753-58 

220-31 

U 

1000-00 


The next table gives the positions of the coloured spaces 
ill this spectrum, according to the observations of (he author : 

Coloured Spaces in the Prismatic Spectrum. 


Red begins at 0 

Rod ends, oraiigo-red begins at 149 

Orangc-red ends, orange begins at 191 

Orange ends, orange-yellow begins at 210 

Orange-yellow cuds, yellow begins at 230 

Yellow ends, grociiisli-yellow begins at 210 

Yellow-green ends, green begins at 3M 

Blue-greeii ends, cy an-blue begins at 4P7 

Cyan-blue ends, blue begins at 495 

Violet-blue ends, violet begins at 806 

Violet ends at 1,000 


The space out beyon<l 0 is occupied by a v(d*y d.ark red, 
'which has a brown or chocolate coloin*, and outside of the 
violet beyond 1,000 is a faint greyish colour, which has been 
called lavender. 

The third table shows the spaces occupied in the pris- 
matic spectrum by the several colours : 


Red 149 

Orange- red 45 

Orange 16 

Orange-yellow 20 

Yellow 10 

Grecnisli-yellow and yellowish-green 104 

Green and bUie-grccn 103 

Cyan-blue 48 

Blue and blue-violet 311 

Violet 194 


1,000 
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In making these observations, matters were arranged so 
*that only a narrow slice of tlie spectrum presented itself to 
the observer ; thus its hues could be studied in an isolated 
condition, and the misleading effects of contrast avoided. 
The figures given in the two latter tables are the mean of 
from fifteen to twenty observations. The hues of the spec- 
tral colours change very considerably with their luminosity ; 
hence for these experiments an illumination w^as selected 
such that it Avas only comfortably bright in the most lumi- 
nous portions of the spectrum, and this arrangement re- 
tained as well as |)ossible afterward. 

The colours as seen in the spectroscope really succeed 
each other in the order of their wave-lengtlis, the red hav- 
ing the greatest wave-length, the violet the least. But the 
glass prism does this work in a way v hich is open to eriti- 
tdsm ; it crowds together some portions of the series of tints 
more than is demanded by their difference in wave-lengths ; 
other portions it expands, assigning to them more room 
than they have a I’ight to claim. Thus the red, orange, 
and yellow spaces are cram])ed together, while the blue and 
violet tracts stretch out interminably. Taking all this into 
consideration, it may be worth while to go one step furtlier, 
and, without abandoning the use of the spectroscope, re- 
place its prism by a diffraction grating, or plate of glass 
ruled with very fine, parallel, equidistant lines, such as have 
been made by the celebrated Nobert, and lately of still 
superior perfection by Rutberfurd, In Lominel’s work, 
previously referred to, the mode in wdiich a plate of this 
kind produces colour is explained ; at present it is enough to 
know that the general appearance of the spectacle will be 
unchanged ; the same series of colours, the same fixed lines, 
will again be recognized ; but in this new spectrum all the 
tints will be arranged in an equable manner with reference 
to wave-length. According to this new allotment of spaces, 
the yellow will occupy about the centre of the spectrum, 
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the red and different kinds of orange taking up more room 
than formerly ; tlic dimensions of llie blue and violet Avill 
be greatly reduced. 

Let us suppose, as before, that the spectrum from A to 
li includes 1,000 parts ; then the following table, whicli is 
calculated from the observations of Angstrom, will indi- 
cate the positions of the principal fixed lines : 


Fixed I.ines in the Normal Spectrum. 


A 0 

o 

13 

C ‘285-05 

D 4C8-e}8 


E 038*92 

/> 004*'?9 

F 

(I 902*07 

H 1000*00 


The next table gives the positions of the coloured spaces 
in the normal spectrum, according to the observations of 
the author : 


Coloured Spaces in the Norsial Spectrum. 

Red begins at. , . 0 

Pure rod ends, orange-red begins at 330 

Orange-rod ends, orange begins at 431 

Orange ends, orange-yellow begins at 459 

Orange-yellow ends, yellow begins at 485 

Yellow ends, greenivSb-yellow begins at 408 

Yellow-green ends, full green begins at 595 

Full green ends, blue-green begins at f»82 

Blue-green ends, cyan-blue begins at 098 

Cyan-blue ends, blue begins at 749 

Blue ends, violet-blue begins at 823 

Blue-violet ends, pure violet begins at. , . 940 


The followinfT table exhibits the spaces occupied by tbe 
several colours in the noianal spectrum : 


Pure red 330 

Orange-red 104 

Orange 25 

Orange-yellow 26 
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Yellow 13 

Oreenish-ycllovv' and yellow-green . 97 

Full green * 87 

Blue-green.. 16 

Cyan-blue 51 

Blue 74 

Yiolet-bluo and blue-violet. ...... 117 

Pure violet 60 

1,000 


Fig. 4 shows tlie normal 


A r- 


G 


H 




, Orang’e-red. 


^ <')rringe. 

Oraiig’fJ-yellovv. 
.■>- Yollow. 

Grconisli -yellow 
iinii 

Yellowish -green. 


■ Ore on. 


spectiTiin witJi fixed lines and 
eol cured spaces, corresponding 
to the tables just given. 

If these tables are conifjared 
with those ol)tained by the aid 
of a j>risiri of glass, it will be 
seen that the fixed lines and 
coloured space.s are arranged 
somewhat differently ; the 
main cause of this difference 
lias already hcen pointed out. 

When, however, we compare 
the spacing of the colours in 
the two spectra, it is also to be 
rememl)ored that it is affected 
by another circumstance, viz., 
tlie distribution of the lumi- 
nosity in the two spectra does 
not agree, and this influences, 
as will be shown in Chapter 
XII., the appearance of the 
colours themselves ; very lu- 
minous red, for example, as- 
wSuming an orange hue, very 
dark blue tending to appear 
violet, etc. The normal spectrum employed by the author 




Red. 


[>»- Bluo-greoii. 
^ Cyau-blue. 

IV 


Uhie. 


Violot-bluc. 


. Violet. 


Fig. 4 . — Fixed Lines nnd Coloured 
Spaces of Normal Spectrum. 
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was obtained by using a superb plate for which he was 
indebted to Air. Rutlierfurd. The |)late contained nearly 
19,000 lines to tlie Englisli inch, and was silvered on the 
back, so that tlie colours were as briglit as those froin a 
glass prism. The spectrum selected for use Avas nearly six 
times as long as that furnished by the glass prism — a cir- 
cumstance, of course, that favoured accurate observation. 

The tables that have just been given ena]>]e us very 
easily to calculate the lengths of the waves of light, cor- 
responding to the centres of the coloured spaces in the nor- 
mal spectrum. It is only necessary to asci'rtain the number 
corrcvsponding, for example, to the centre of the re<l s]>ace, 
then to multiply it by and to subtract the product 

from 7,()(kl : the result will be the wave-length corres})ond- 
ing to that part of the normal spectrum, expressed in ten- 
millionths of a millimetre. The following table contains 
the wave-lengths corresponding to the centres of the col- 
oured spaces : 


Waye-lengtii in Tn.Wurootr mm. 

Centre! of red 

“ orange red 

‘‘ orange 

“ orange-yellow 

“ yellow 

“ full green 

“ blue-green 

“ cyan-blue 

“ blue 

“ violet-blue 

pure violet 


7,000 

6,208 

6,972 

5,870 

5,808 

5,271 

5,082 

4,960 

4,732 

4,3S3 

4,059 


The results here given differ somewhat from those obtained 
by Listing in 1807 ; the differences are partly due to the 
terms employed ; the author, for example, dividing up into 
orange-red, orange, and orange-yellow, a space which is 
called by Listing simply orange. According to the author 
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cyan-bluo falls on tlie red side of the line F ; it is placed 
by Listing, however, on the violet side of this line. Other 
less important differences might be mentioned ; but, as a dis^ 
eussion of them would be out of place in a work like the 
present, the curious reader is referred for further informa- 
tion to Listing’s paper.* 

A little study of the normal spectrum, Fig. 4, will enable 
us to answer some interesting questions. We have already 
seen that change in colour is always accompanied by change 
in the length of the waves of light producing it ; hence if we 
begin at one end of our normal spectrum where tlie colour 
is red, and the length of the waves equal to 7,003 ten- 
millionths of a raillimetre, as we diminish this length, we 
expect to see a corresponding change in the colour of the 
light : small changes we anticipate Avill produce small effects 
on the colour, large changes greater effects. 

Now, the question arises whether equal changes of wave- 
length actually are accompanied by equal alterations of hue 
in all parts of the spectrum. To take an example : in pass- 
ing from the orange-yellow, through the pure yellow and 
greenish-yellow well into tlie yellow-green region, we find 
it necessary to shorten our wave-length about 400 of our 
units ; now will an equal curtailment in other regions of the 
spectrum carry us through as many changes of hue ? The 
answer to this is not exactly what we might expect. In a 
great part of the red region a change of this kind produces 
only slight effects, the red inclining a little more or less to 
orange, and the same is ti'ue of the blue and violet spaces, 
the hue leaning only a little toward the blue or violet side, 
avS the case may be. Hence it seems that the eye is far 
more sensitive to changes of wave-length in the middle 
regions of the spectrum than at either extremity. This 
circumstance, to say the least, is curious ; but, what is more 
to our purpose, it is a powerful argument against any theory 


* PoggendorfTs “ Aniialen,” cxxxi., p. 664. 
c2 
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of colour whlcli is founded on supposed analogi(3S with 
music. But more of this hereafter. 

In the prismatic spectrum and in our normal spectrum 
we found no representative of pur])le, or purplish tints. 
This sensation can not be produced by one set of waves 
alone, whatever their lengtli may be ; it needs the joint 
action of the red and violet waves, or the red and blue. All 
other possible tints and hues find their type in some portion 
of the spectrum, and, as will be sliown in the next chapter, 
this applies just as well to the whole range of browns and 
greys, as to colours like vermilion and ultramarine. 


We have seen that the mixture of long and short waves 
which compose white light can be analyzed by a prism into 
its original constituents : the long waves produce on us the 



Fkj. 5. — Kocomposition of White Liiyht. 


sensation that we call red, and, as we allow shorter and 
shorter waves to act on the eye, w^c experience the sensa- 
tions known as orange, yellow, green, blue, and violet, 
A\Tien, on the other hand, we combine or mix together these 
different kinds of light, we reproduce white light. There 
are a great many different ways of effecting this recoin- 
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position ; one of the most beautiful was eontrived several 
years ago Professor Eli Blake. ''Uhe spectrum is re- 
ceived on a strip of ordinary looking-glass, which is gently 
bent by the hands of tl^e experimenter till it becomes some- 
wliat curved ; it then acts like a concave mirror, and can be 
made to concentrate all the coloured rays on a distant sln^et 
of paper, as shown in Fig. 5. The spot where all the col- 
oured rays are united or mixed appears pure white. 



CHAPTER III. 

TEE CONSTANTS OF COLOUR. 


The tints produced by Nature and art are so manifold, 
often so vague and indefinite, so affected by their environ- 
ment, or by the illumination under which they are seen, 
that at first it might well ajipear as tliongh nothing about 
them were constant ; as though they had no fixed proper- 
ties which could be used in reducing them to order, and in 
arranging in a simple but vast series the immense multitude 
of which they consist. 

Let us examine tlie matter more closely. W c have seen 
that when a single set of waves acts on the eye a colour- 
sensation is produced, which is perfectly well defined, and 
which can be indicated with precision by referring it to 
some portion of tlie spectrum. W e have also found tliat 
when waves of light, having all possible lengths, act on the 
eye simultaneously, the sensation of white is produced. 
Let us suppose that by the first method a definite colour- 
sensation is generated, and afterward, by the second meth- 
od, the sensation of white is added to it : white light is 
added to or mixed with coloured light. This mixture may 
be accomplished by throwing tlie solar spectrum on a large 
sheet of white paper, and then casting on the same sheet of 
paper the Avhite light whicli is reflected from a silvered 
mirror, or from an unsilvered plate of glass. Fig. 0 shows 
the arrangement. By moving the mirror M, Fig. 0, the 
white band of light may be made to travel slowly over the 
whole spectrum, and thus furnish a series of mixtures of 
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white light witli the various prismatic hues. The general 
effect of this proceeding will be to diminish the action of 
tlio coloured light ; the mixture will indeed present to the 
eye more light, but it will be paler ; the colour-element will 
begin to be pushed into the background. Conversely, if 
we now should subject our mixture of white and coloured 
light to analysis by a second prism, we should infallibly 
<letect the presence of the white as well as of the coloured 
light ; or, if no white light were present, that would also 



Fig, 6.— Mode of inixiug White Light with the (’clours of the Spectrum. 


be ecpially apparent. Taking all tliis into consideration, it 
is evident that, when a particular colour is presented to us, 
we can atlirrn that it is perfectly pure ; viz., entirely free 
from white light, or that it contains mingled with it a 
larger or smaller proportion of this foreign element. This 
furnishes us with our first clue toward a classification of 
colours ; our pure standard colours are to be those found in 
the spectrum ; the coloured light coming from tlie surfaces 
of natural objects, or from painted surfaces, we must com- 
pare with the lines of the spectrum. If this is done, in al- 
most every case the presence of more or less white light 
will be detected 5 in the great majority of instances its 
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preponderance over the coloured light will be found quite 
marked. To illustrate by an example : if white paper be 
painted with vermilion, and compared witli the solar spec- 
trum, it will be noticed that it corresponds in general hue 
witli a certain portion of the red space ; but the two colours 
never match perfectly, tliat from the papc'i* always appear- 
ing too pale. If, now, white light be added to the pur(> 
spectral tint, by reflecting a small amount of it from the 
mirror (Fig. G), it will become possible to match the two 
colours ; and, if we know how much white light has been 
added, we can afterward say that the light reflected from 
the vermilion consists, for example, of eighty jier cent, of 
red light from such a region of the spectrnm, mixed witli 
twenty per cent, of white light. If we make the experi- 
ment with a surface painted with emerald grc‘eii,” we 
shall olitain about the same result, while we shall find that 
artificial ultramarine-blue reflects about twenty-five fier 
cent, of white light. In all of these cases the total amount 
of light reflected by the coloured paper is of course taken 
as 100, and the results here given are to be regarded only 
as ap])roximations. In every case some white light is sure 
to be present ; its effect is to soften the colour and reduce its 
action on the eye ; when the proportion of white is very 
large, only a faint reminiscence of tlic original hue remains : 
we say the tint is greenish-grey, bluish-grey, or reddish- 
grey. If one part of red light is mixed with sixteen jiarts 
of white light, the mixture apjiears of a pale jiinkish hue. 
The specific effects produced by the mixture of white with 
coloured light will be considered in Cliapter XII. ; it is 
enough for us at present to have obtained an idea of one of 
the constants of colour, viz., its purity. The same word, it 
may b<3 observed, is often used by artists in an entirely dif- 
ferent sense : they will remark of a painting that it is no- 
ticeable for the purity of its colour, meaning only that the 
tints in it have no tendency to look dull or dirty, but not at 
all implying the absence of white or grey light. 
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Next let iis suppose that in our study of these matters 
we have presented to us for examination two coloured sur- 
faces, whicli we find reflect in both cases eight tenths red 
light and two tenths white light. In sj:»ite of this, the tints 
may not match, one of them being much brighter than the 
other ; containing, perhaps, twice as much red light and 
twice as much white liglit ; having, in other words, twice 
as great brightness or liiminosity. The only mode of caus- 
ing the tints to match will be to expose tlie darker-coloured 
surface to a stronger light, or the briglit(‘r surface to one 
that is feebhu*. It is evident, then, that brightness or lumi- 
nosity is one of the |)roperties by whicli w'o can define col- 
our ; it LS our second colour-constant. This word licminos- 
also often used by artists in an entirely dilTcreiit sense, 
they calling colour in a painting luminous simply because it 
recalls to the mind the impression of light, not because it 
actually reflects much light to the eye. dlie term bright 
colour” is sometimes used in a somewhat analogous sense 
by them, but the ideas are so totally different that there is 
little risk of confusion. 

The determination of the second constant is practicable 
in some cases ; it presents itself always in the shape of a 
difficult photometric problem. Tlie relative brightness of 
Mie colours of tlic solar spectrum is one of the most inter- 
esting of tliese problems, as its solution would serve to give 
some idea of the relative brightness of the colours which, 
taken together, constitute white light. (Juite recently a 
set of measurements was made in diiferent regions of the 
spectrum by V’^ierordt, who referred the points measured to 
the fixed lines, as is usual in such studies.* llcdiicing his 
designations of the dififerent regions of the spectrum to 
those of our spectral chart, which includes 1 ,000 parts from 
A to II (see previous chapter), and supplying the colours 
from the observations of the present writer, we obtain the 
followdng table : 

* C. Vierordt, PoggeiidorlF’s ‘‘Annalcn,” Band cxx.wii., S. 200. 
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Table showing the Luminosity op Different Regions of the Prismatic 

Spectrum. 


Position. 

Luininoait}'. 

Colour. 

Prom 40*5 to 57 

80 

Dark red. 

“ 10-1-5 “ 112-71 

493 

Pure red. 

“ 112-71 “ 138-5 

1,100 

Red. 

“ 158-6 “ 168-6 

2,773 

Orangc-red. 

“ 189 “ 220-31 

6,985 

Orange and orange-yellow. 

“ 220-31 “ 231-5 

7,891 

Orange-yellow. 

“ 231 -6 “ 363-1 1; 

8,033 

Greenish-yellow, yellow-green, and green. 

“ 389-86 “ 493-22 

1,100 

Blue-green and cyan-blue. 

“ 493-22 “ 658-5 

493 

Blue. 

“ 623-5 “ 689-5 

90-6 

, Ultramarine (artificial). 

“ 753-58 “ 825-5 

35*9 

Bluc-violct. 

“ 896-5 “ 956 

18*1 

Violet. 


The author finds that Avith the aid of rotatiug disks the 
second constant can often be determined.* Let us suppose 
that we wisli to determine the luminosity of paper painted 
Avith A'crmilion : a circular disk, about six inches in diamc' 
ter, is cut from the paper and placed on a rotation apparatus, 
as indicated in Fig, 7, On the same axis is fastened a double 
disk of black and of white paper, so arranged that the pro- 
portions of the black and white can be A^aried at AAull.f AVhen 
the Avhole is set in rapid rotation, the colour of tlie A^ermilion 
paper will of course not be altered, but tlie black and white 
AAdll blend into a grey. This grey can be altered in its 
brightness, till it seems about as luminous as the red (Fig. 
8). If Ave find, for example, that with the disk three quar- 
ters black and one quarter Arhite an equality appears to be 
established, Av^e conclude that the luniinosity of our red sur- 
face is tAventy-fiAm per cent, of that of the Avhite paper. This 


* American Journal of Science and Arts,” February, 1878. 
t Sec Maxwell’s Disks,” chapter x. 
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is of course based on the assumption that the black paper 
reflects no li^ht ; it actually does reflect from two to six 
per cent., the reflecting power of white paper being put at 
100. The black disk used by the author reflected 5*2 per 



Flo. 7.— Coloured Disk, with Small Black-aod-White 
Disk. 



Fiii. S. — Coloured Disk, 
with Small Black-ajid- 
WhiteDisk in Kotatiuu. 


cent, of white light ; to meet this a correction was intro- 
duced, and a series of measurements made, some of the more 
important of which are given in the following table : 

Lumino.Hity. 


White paper 100 

Vermilion (English)* 25*7 

Pale ebromc-yellow f 80 3 

Pale emerald-green* 48'6 

Cobalt-blucf 35*4 

Ultramarine.]; 7 ’6 


These results were afterward tested by the use of a set 
of disks, the colours of which were complementary to those 
mentioned in the table, and these additional experiments 
and calculations showed that the original measurements 
differed but little from the truth. This agreement proved 
also the correctness of Grassmanu’s assumption, that the total 


* In tliick paste, f Washed on as a water-colour. ]: Artificial, as a 
paste. 
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intensity of the mixture of masses of differently coloured 
light is equal to the sum of the inteiivsities of the separate 
components. 

But to resume our search for colour-constants. We may 
meet with two portions of coloured light having the same 
degree of purity and the same apparent briglitncss, which 
nevertheless appear to the eye totally different : one may 
excite the sensation of blue, the other that of red ; we say 
the /uies are entirely different. The hue of the colour is, 
then, our third and last constant, or, as the physicist would 
say, the degree of refrangibility, or the wave-length of the 
light. In the preceding chapter it lias been shown that the 
spectrum offers all possible hues, except the purples, well 
arranged in an orderly series, and the purples themselves 
can be produced with some trouble, by causing the blue or 
violet of the spectrum to mingle in certain proportions with 
the red. 



Fio. 9.— Eyc-x>iece with Dalton’s Scale. 


For the determination of the hue, an ordinary one-prism 
.spectroscope can be used ; it is only necessary to add a little 
contrivance wliich enables the observer to isolate at will any 
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small portion of tlie spectrum. This object is easily at- 
tained by introducing into the eye-piece of tlie instrument 



Fia. 10.— Kutherfiird’s Autoraatio Spectroscopo. 


a diaphragm perforated by a very narrow slit (see Pig. 9). 
The observer then sees in the upper part of the field of view 
the selected spectral colour ; in the lower part of the field 
the scale is visible, and with its aid the precise position of 
the prismatic hue can be determined. Instead of using a 
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scale divided into equal parts, it is often advantageous to 
employ the plan suggested by Dr. J. C. Dalton, and used 
by him for determining the position of certain absorption 
bands. Dr, Dalton employs as a scale amiimte photograph 
wliicli shows tlie positions of the fixed lines, and divides up 
the spaces between them conveniently. Fig. 9 exhibits the 
appearance of the field of view and the scale. For more 
accurate work Rutherfurd’s automatic six-prism spectro- 
scope can be employed (see Fig. 10*). -A dilTraction grat- 
ing can also be used — in those cases where the student of 
colour is so fortunate as to possess one.f Witli a very per- 
fect grating of this kind, for which the author was indebted 
to Mr. Rutherfiird, the third constant was detcrminiHl for a 
numlier of coloured disks. The following table gives their 
positions in a normal spectrum having from A to II 1,000 
parts ; the corresponding wave-lengths are also given : 


aim* of tho Colour. 

Po)=i1tioT) 5 t) the 
Normal Spectrum. 

Wave-Ieu^i^th 

T5o6b6»To 

Vermilion (English) 

887 

6,290 

Red lead 

422 

6,061 

Pale chrome-yellow 

488 

5,820 

Emcrald-grecn 

648 

6,234 

Prussian-blue 

740 

4,899 

Cobalt-blue 

770 

4,790 

Ultramarine (genuine) 

786 

4,736 ' 

Ultramarine (artificial) 

867 

4,472 

Same, washed with Hoifmann’s violet 
B. B 

1 

i 

016 

4,257 


We liave seen that the first colour-constant has reference 
to the purity of the colour, or indicates the relative amount 
of white light mixed with it. This constant is in all cases 

* Fig. 10 is a facsimile of Rutherfurd’s drawing of his six-prism spec- 
troscope (“American Journal of Science and Arts,” 1866). 
t See Chapter iv. for an account of the grating. 
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flifficult to (letormiiie ; probably something might be cffecte<l 
by carryiTig out practically the idea suggested in Fig. G, by 
tuakiiig the becessary additions to tlie apparatus there in- 
dicated. It would be necessary to measure the relative 
luminosity of the selected spectral hue and the white light, 
and tlicn to mix them in proj>er proportions, till the mixture 
matched the colour of tlie painted pap(‘r, etc. Hie second 
and third colour-constants can be more (easily determined. 

It may he Avell here to refer to tlic terms used to indicate 
these constants. For the first constant, the word purity/, in 
the sense of freedom from white light (or from the sensa- 
tion of Avhite), is Avell adapted. Hie term luininoslfy will 
be employed in this work to indicate tlie second constant ; 
the tliird constant will generally be referred to by the term 
/me. Colours are often also called intense, or saturated, 
when they excel both in purity and luminosity ; for it is 
quite (‘vident that, hoAvever jmre the coloured light may be, 
it still Avill produce very little effect on the eye if its total 
quantity be small ; on the other hand, it is plain that its 
action on the same organ will not be considerable, if it is 
diluted Avith niucli Avhite light. Purity and luminosity are, 
then, the factors on which the intensity or saturation de- 
pends. We shall see hereafter that this is strictly true only 
Avithin certain limits, and that an inordinate increase of 
luminosity is attended Avith a loss of iiitensitj^ of hue or 
saturation. 

Having defined the three constants of colour, it Avill be 
interesting to inquire into the sensitiveness of the eye in 
these directions. This subject has been studied by Aubert, 
who made an extensive set of observations Avith the aid of 
coloured disks.* It was found that the addition of one 
part of white light to 300 parts of coloured light produced 
a change which was perceptible to the eye ; smaller amounts 
failed to bring about this result. It was also ascertained 


* Aubert, “ Physiologic dcr Netzhaut,” Breslau, 1865. 
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that mingiing the coloured light of a disk with from 190 to 
180 parts of white light (from white paper) caused it to be- 
come imperceptible, the hue being no longer distinguishable 
from that of the pa j)er.* Differences in luminosity as small 
as to yI (} ^‘onld also, under favourable circumstances, be 
perceived. It lienee followed that irregularities in the illu- 
niiiiation, or distribution of pigment over a surface, which 
were smaller than of the total amount of light reflected, 
could no longer he noticed by the eye. Experiments with 
red, orange, and blue disks were made on the sensitiveness 
of the eye to changes of luie or wave-length ; thus, the 
combination of tlie blue disk with a minute portion of the 
red disk altered its line, moving it a little toward violet ; 
on reversing the case, or adding a little blue to the red disk, 
the hue of the latter moved in the direction of purple.f 
Similar combinations were made with the other disks, Au- 
bert ascertaiiusl in tins way tiiat recognizable clianges of 
hue could be produced, by the addition of quantities of 
coloured liglrt, as siiirill as from ^ to of tlio total 
amount of light involved. In-oni such data he calculated 
that in a solar spectruni at least a thousand distinguishable 
lines are visible. Hut we can still recognize lliese hues, 
wdien the light producing them is subject(‘d to considerable 
variation in hiininosity. Let us limit ourselves to lOO 
slight variations, which we cun produce by gradually in- 
creasing the brightness of onr s])ectrum, till it finally is 
five times as luminous as it originally was. Thh will fur- 
nish us with a Imiidred thousand hues, differing perceptibly 
from each other. If each of these hues is again varied 

* To obtain correct results it is of course necessary to know the lumi- 
nosity of the coloured disk as compared with the white di^, for in the above 
results by Aubert they are considered to be equal. With the aid of the 
table of luniinosities previously given, this correction can be made, and it 
will be found tliat four or five times as much white light is actually neces- 
sary as is indicated above. 

f Compare Chapter x. 
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twenty times, by the addition of different quantities of 
white Jight, it carries the number of tints we are able to 
<H>stingui,sh up as high as two millions. In this calculation 
no account is taken of the whole series of purples, or of 
colours which are very luminous or very dark, or mixed 
with much white light. 

To the above we may add that interesting experiments 
on the sensitiveness of the eye to the different spectral 
colours have also been made by Charles Pierce, who found 
that the photometric suscei)tibility of the eye was the same 
for all colours. (See “American Journal of Science and 
Arts,” April, 1877.) 

With the aid of Vierordt’s measurements previously 
given, and the determinations by the author of the spaces 
occupied by the different colours in the spectrum, a very 
interesting point can now be settled, viz. : we can ascertain 
in what proportions the different colours are present in 
white light. Tlie amount of red light, for example, which 
is present will evidently be equal to the space which it oc- 
cupies in the spectrum, multiplied by its luminosity, and 
the same will be true of all the other colours. The author 
constructed a curve representing Viei'ordt’s results, and 
from this, taken in combination Avith his own determina- 
tions of the extent of the coloured spaces, obtained the 
followin<r table : 

Table showing the Amounts of Colouked Light in 1,000 Parts of White 

Bunlight. 


Keel 61 

Orange-red 140 

Orange . . . 80 

Orange-yellow 114 

Yellow 64 

Greenish-yellow 206 

Yellowish-green 121 

Green and blue-green 134 

Cyan-blue 32 


D 
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Blue 40 

Ultramarine and blue-violet 20 

Violet .... 5 


1,000 

Artists arc in tlie habit of dividing up colours into warni 
and cold. Now, if we draw the dividing line so as to in- 
clude among the warm colours red, orange-red, orange, 
orange-yellow, yellow, greenisli -yellow, and yellowish-green, 
tlien in white light the total luminosity of the warm colours 
will be ratlier more tlian three times as great as that of the 
cold colours. If we exclude from the list of warm colours 
yellowish-green, then they will be only about twice as 
luminous as the cold. We sliall make use oT this table 
. hereafter. 

It may have seemed strange that the chrome-yellow 
paper previously mentioned retlecte^i eigldy per cent, of 
light (the retiecting power of v hife |)a])er being lOt)), while 
the table just given states that white light eontains only a 
little more than five per cent, of pure yellow liglit. It will, 
however, be shown in .a future ehapter tliat chrome-yellow 
really relieots not only the pure yellow rays, but also the 
orange-yellow and grca'iiish-yellow, besides much of the red, 
orange, and greem light. i>y mixture, all these colours 
finally make a yellow, as will bo ex]>iained in Chapter X. 

high luminosity of some of the oilier coloured papers 
is to be explained in a similar manner. 



CHAPTER IV. 


PRODUCTION OF COLOUR BY INTERFERENCE AND 
POLARIZATION. 

liV Chapter IT. we studied the spectral tints produced by 
a prism and by a grating ; these were found to be pure and 
brilliant as well as very numerous, and consequently were 
adopted as standards for comparison. Most nearly allied 
to these central normal colours are those which are pro- 
duced by the polarization of liglit. In this class we meet 
with a far greater variety of hues than is presented by the 
solar spectrum ; and, instead of a simple arraiigement of 
delicately sliading bands, wm encounter an immense variety 
of chromatic combinations, sometimes worked out wdth ex- 
quisite beauty, but as often arranged in a strange fantastic 
manner, that suggests we have entered a new world of 
colour, Avhich is ruled over by laws quite different from 
those to which w e have been accustomed. And it is indeed 
so ; the tints and their arrangement depend on the geo- 
metrical laAvs wdiieh l)uikl up tlie crystal out of its mole- 
cules, and on the retardation wliioh the weaves of light ex- 
perience in sw^eej)ing through them, so that in the colours 
of polarization wm see, as it wmre, Nature’s mathematical 
laws laying aside for a moment their stiff awkwardness, and 
gayly manifesting themselves in play. 

The apparatus necessary for the study of these fasci- 
nating and often audacious colour-combinations is not 
necessarily com])licated or very expensive. A simple form 
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of polariscope is shown in Fig. 11. It consists merely of 
a plate of window-glass at P, which is so placed that the 
angle, a, is as nearly as possible ; at is a NicoPs 
prism, and at L a plano-convex lens with a focal length of 
about an inch. The distance of the prism from the plate 



Fig. 11. — Simple l*olariziijg^ Apparatus. 



of glass is ten inches ; the lens is removable at pleasure, 
the Nicol’s prism is capable of revolving around its longer 
axis. If, now, light from a white cloud be reflected from 
the plate of glass toward the NicoFs prism, as indicated by 
the arrow, some of it Avill ordinarily traverse the prism and 
reach the eye at K ; the prism should now be turned till 
this light is cut off, and the instrument is tlien ready for 
use. Thin slips of selenite or crystals of tartaric acid 
placed at S, so that they are magnified, display the colours 
of polarization very beautifully. The aiTarigernent just 
described constitutes a simple polarizing microscope ; if a 
compound polarizing microscope can be obtained, it will be 
still more easy to study the colom*s and combination of 
colours presented by the crystals of many different salts. 
By dissolving a grain or two of the substance in a drop of 
Avater, and allowing it to crystallize out on a slip of glass, it 
is possible very easily to make objects suitable for exami- 
nation. 

Thin plates of selenite, obtained by removing successive 
layers Avith a penknife, answer admirably if avc wish to 
study the phenomena of chromatic polarization in their 
simplest forms. It will often be found that nearly the 
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whole plate presents a single unshaded hue, which hears a 
close resemblance to a patch of colour taken from some por- 
tion of the spectrum. But, however bright the colour may 
be, it is never free from an admixture of white light, and 
it is the constaTit presence of this foreign element which 
causes the colours of polarization to appear a little Ies>s in- 
tense than those of the spectrum. With plates which are 
somewhat thicker the proportion of white light increases, 
washing out the colour, till only a faint reminiscence of it 
is left. The more powerful tints, however, quite equal and 
probably surpass in purity — that is, in freedom from white 
light — the most intense sunset hues. Among these colours 
we find many shades of red and purple-red ; all the red- 
orange hues are represented, and the same is true of the 
other colours found in the spectrum. Besides, there is a 
range of purples which bridges over the chasm between the 
violets and reds ; faint rose-tints are also present in abun- 
dance, and the same is true of the pale greens and bluisli- 
greens. In addition to this, quite thin slips furnish a dis- 
tinct set of tints which are peculiar in appearance, and 
which, when once seen, are never forgotten ; a singular 
tawny yellow will be noticed in combination with a bluish- 
grey ; the yellow, such as it is, shading into an orange 
nearly allied to it, and this again into a brick-red ; black 
and white will be associated with these subdued tints ; the 
general impression produced by these combinations being 
sombre if not dreary 

These slips of selenite furnish neither beautiful nor com- 
plicated patterns, the tints being for the most part arranged 
in parallel bands, with here and there angular patches, often 
in sharp contrast with the other masses of colour. There is 
no noticeable attempt at chromatic composition, except per- 
haps a little along fractured edges, where we frequently 
meet with pale grey or white deepening into a fox-coloured 
yellow, followed by a red-violet, brightening into a sea- 
green dashed with pure ultramarine, or changing suddenly 
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into a full orange-yellow, after which may follow a broad 
field of purple. Just a« often all the tints are pale, like 
those used on maps, with a narrow fringe on the edge, of 
rich variegated hues. 'Fhe colour-combinations seldom rise 
into great beauty, though they o:ften astonisli and dazzle 
by their audacity and total disregard of all known laws of 
chromatic composition. The brilliancy and purity of these 
tints are so great, and they are laid on with such an unfal- 
tering hand, that all these wild freaks are performed com- 
paratively with impunity, and it is only .when we proceed 
to make copies of these strange designs that we become 
fully aware of their peculiarities, and, from an artistic point 
of view, positive defects. 

Crystals of tartaric acid present phenomena which are 
quite different : here the patterns are ricli and often beautiful ; 
the colour is full of gradation, touched on and retouched 
and wrought out with patience in delicate, complicated 
forms, which echo or faintly oppose the grand ruling ideas 
of the composition. We may have a wonderfully shaped 
mass radiating in curved lines over the entire field, tinted 
with soft grey and pale yellow, with here and there dashes 
of colour like the spots on a peacock’s tail, glowing like 
coals of fire ; all this being set off by very dark shades of 
olive-green, dark browns and greys. If the crystals are thin 
this is their appearance ; but as the thickness increases so 
does the brilliancy of the hues, Avhich are sure to be well 
contrasted with large masses of deep shade. The soft gra- 
dations, the sharp contrasts, the brilliant and pale colours, 
the dark shadows and the ivonderful forms, all combine to 
lend to these pictures a peculiar charm which is not wholly 
lost even in copies executed in ordinary pigments. 

Common sugar, if allowed time to crystallize out slowly, 
furnishes appearances somewhat resembling the above, but 
the designs are more formal and less interesting. Crystals 
of nitrate of potash present appearances, again, which are 
totally unlike those above mentioned ; here we have a great 
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number of delicately tinted tlireads of light ; there will be 
purples and goiden greens or dull olive-greens and carmines, 
woven together so closely as almost to produce a neutral 
tint, which will brighten suddenly and display combinations 
of purple-red with green, dashed here and there with pure 
ultramarine* These tinted threads of light will be disposed 
with regularity as though it had been intended to weave 
them into some wonderful cashmere-like pattern, and then 
warp and woof had been suddenly abandoned and for' 
gotten. 

It would be useless to multiply these descriptions — every 
salt lias its own peculiarities and suggests its own train 
of fancies ; some glow like coloured gems with polished 
facets, or bristle with golden spears like the advancing ranks 
of two hosts in contli(;t, or suggest a rich vegetation made 
of gold and jewels and bathed in siiiiset hues. Artists who 
see these exhibitions for the first time are generally very 
much impressed by their strange beauty, and not unfre- 
quently iusiwSt that their range of colour-conceptions has 
been enlarged. It has often seemed to the author that the 
cautious occasional study of some of these combinations 
might be useful to the decorator in suggesting new concep- 
tions of the possibilities within his reach. 

When polarized light is made to traverse crystals in the 
direction of their optic axes, phenomena of a different kind 
are presented. They were discovered in 1813 by Brewster, 
and, on account of their scicntiiic interest and a certain 
beauty, have since then greatly attracted tlie attention of 
physicists and even of mathematicians. A series of rainbow- 
like lines, disposed in concentric circles, is seen on a white 
field ; a dark-grey cross is drawn across the gayly coloured 
circles, and, after dividing them in four quadrants, fades 
out in the surrounding white field. By a slight change in 
the adjustment of the apparatus, the grey cross can be made 
white ; the rings then assume the complementary tints. 
Other crystals, again, furnish double sets of rings, the dark 
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cross being shared by theni jointly, or so altered in form as 
no longer to be recognizable. 

These appearances have been considered by many pliys- 
icists to be extraordinarily beautiful ; it is, however, to be 
suspected that in this case the judgment was swayed by 
other considerations than those of mere beauty. The rarity 
of the phenomenon, the dilliculty of exhibiting it, the bril- 
liant list of names identified with it, along with the insight 
it furnishes as to the molecular constitution of crystals, all 
combine to warp the judgment, and to seriously infiuence 
its filial award. In point of fact, the formaj nature of the 
figures, the constant repetition of the rainbow-tints in the 
same set order, which is that of the spectrum, both exclude 
the possibility of the charming colour-combinations so fre- 
quently presented by many salts when simply crystallized 
on a slip of glass. Tlie cross and rings are not for a mo- 
ment, in matter of beauty, to be compared with the appear- 
ances presented by crystals of tartaric acid. 

Glass which has been heated and then suddenly cooled, 
or glass which is under strain, exhibits phenomena of colour 
closely related to the above ; we have as it were a set of 
distorted crosses and rings which sometimes lend themselves 
more kindly to the production of cliromatic effects than is 
the case with the normal figures. 

In ordinary life the colours of polarization are never 
seen ; the fairy world where they reign cannot be entered 
without other aid than the unassisted eye. This is not a 
matter for regret ; the purity of the hues and the audacious 
character of their combinations cause their gayety to appear 
strange and unnatural to eyes accustomed to the far more 
sombre hues appropriate to a world in which labour and 
trouble are such important and ever-present elements. The 
colours even of flowers have a thoughtful cast, when com- 
pared with those of polarization. 

The colours which have just been considered are pro- 
duced in a peculiar manner; the complete explanation is 
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long and tedious, and has for ns no particular interest. The 
main idea, however, is this : white light is acted on in siicli 
a way that one of its (constituents is suppressed ; the result 
is coloured light. For example, if we strike out from white 
light tlie yellow rays, what remains will produce on us the 
sensation of blue ; if we cut off the green rays, the remain- 
der Avill appear purple. The reason of this will be more 
fully appreciated after a study of tlie facts presented in 
Chapters XI. and XII. To effect this sifting out of certain 
rays a polarizing apparatus is employed ; when the crystals 
are removed from it, tlie colour instantly vanishes. Now, 
it so happens that there is a class of natural objects capable 
of displaying cxa(?tly the same hues without the intervention 
of any piece of apparatus — all objects that fulfill a certain 
condition may be reckoned in this class ; it is merely that 
tlieir thickness should be very small. Thin layers of water, 
air, glass, of metallic oxides, of organic substances, in fact 
of almost everything, display these colours. The most fa- 
miliar example is furnished by a soap-bubble. When it first 
begins to grow, it is destitute of colour and perfectly trans- 
parent ; it gives by n^flection from its spherical surface a 
distorted image of the window, with the bars all curved, 
but no unusual hues are noticed till it has become somewhat 
enlarged.* Then faint greens and rose-tints begin to make 
tlieir appearance, mingling uneasily together as if subjected 
to a constant stirring process. As the bubble expands and 
the film becomes more attenuated, the colours gain in bril- 
liancy, and a set of magnificent blue and orange hues, pur- 
ples, yellows and superb greens replaces the pale colours 
which marked the early stages, and by their changing flow 
and perpetual play fascinate the beholder. If the bubble 

* Ifc is not very uncommon to meet with paintings in which a bubble 
baa been represented with window-bars on its surface, where nothing of 
the kind could have been visible. A friend has mentioned to the author 
four oases wliere different artists have introduced window-bars instead of 
sky and landscape, on the surfaces of bubbles which were in the open air. 
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lias the rare fortune to live to a good old age, at its upper 
portion a diifcTent series of tints begins to be developed ; 
the tawny yellow, before mentioned, begins to be seen in 
iiTCgular patches, floating around among the more brilliant 
hues, a sign that the attenuation has nearly reached its ex- 
treme limit ; but, if by some unusual chance it sliould be a 
Methuselah among bubbles, pale white and grey tints also 
are seen, after which it is sure to burst. A long-lived soap- 
bubble displays every colour which can be produced by 
polarization. The thin film has a sifting action on white 
light, which in its final result is the same as in the case of 
the production of colour by polarized light : certain rays are 
struck out, and, as before, white light deprived of one of 
its constituents furnishes coloured light. This elimination 
is accomplished by the interference of the waves of light, in- 
volved ; hence, colours produced in this way are called in- 
terference colours.” The colours of polarization are also just 
as truly interference colours, but tliey are not usually known 
under this name. From all this it follows that the colours 
produced by thin layers, or by very fine particles, always 
contain some white light, and consequently cannot quite 
rival in purity or intensity the spectral hues. 

The colours of polarization, as we have seen, are never 
met with outside of the laboratory. ’Nature, on tlie other 
hand, here and there with a sparing hand, displays in small 
quantity, and as a rarity, the colours of interference. They 
are used as a wonderful kind of je^velry in the adornment 
of many birds ; lavishly so in the case of the common pea- 
cock, where the breast and tail feathers in full sunshine dis- 
play flashing, dazzling hues, which make our artificial or- 
naments appear pale and tame. In contemplating these 
astonishing hues, or those of that tiny winged jewel, the 
humming-bird, we are struck by the circumstance that they 
actually have a metallic brilliancy, which we in vain at- 
tempt to rival with our brightest pigments. To compete 
with them successfully, it is necessary to substitute a sur- 
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face of silver for the white paper, and to cover it witli the 
purest and most transparent glazes. This appearance of 
inetallic lustre depends on the circumstance tluit much col- 
oured light is reflected, mingled with only a small quantity 
of white light, the great bulk of the latter being absorbed 
by the dark pigment contained in the interior of the feath- 
ers. When this dark pigment is absent, we have as before 
colour ; but, being mingled Avith much reflected AAdiite light, 
it presents simply an appearance like that of mothei*-of- 
pearl. 

There is yet another peculiarity of the colours noAV 
under consideration, Avhich still more completely separates 
them from the hues furnished by pigments : it is their va- 
riability. These colours, as has been mentioned, are pro- 
duced by tlie interference of the Avaves of light \Aduch are 
reflected from the thin films : the nature of this interference 
depends partly on the angle at Avhich this reflection takes 
place, so that, as Ave turn a peacock’s feather in tlie hand, 
its colour constantly changes. Ilie same is true of the tints 
of the soap-bubble, and of interference colours in general 
— the hue changes with the position of the eye ; as they are 
viewed more and more obliquely, the tint changes in the 
order of the spectrum, viz., from red to orange, to yclloAV, 
etc. 

The brilliant metallic colours exhibited by many insects, 
particularly the beetles, belong also in this class, so also the 
more subdued steel-blues and bottle-greens displayed by 
many species of flies. So commonly does this occur that it 
suggests the idea that these humble creatures are not desti- 
tute of a sense for colour capable of gratification by bril- 
liant hues. If we descend into the AA^atery regions we find 
their inhabitants richly decorated Avith colours of the same 
general origin, the pearly rainbow hues Avhich they display 
all depending on the interference of light. The same is 
true of the iridescent hues which so commonly adorn shells 
externally and internally. In this case candour compels one 
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to admit that the colours, beautiful as they are, can hardly 
be a soui’ce of pleasure to the occupants or to their friends. 

Leaving tlie auimateil world, we find the colours of in- 
terference shown frequently, but in an inconspicuous man- 
ner, by rather old window-glass ; some of the alkali seems 
to be removed by the rain, and in the course of time a thin 
film of silica capable of generating these hues is formed. 
In antique glass which lias long remained buried this pro- 
cess is carried much further, so that sometimes the Avhole 
plate or vase tends to split up into flakes. Here, owing to 
successive reflections on many layers, the light which reach- 
es the eye is quite bright, and the colours intense. Crim- 
son, aziii'e, and gold are found in combination ; blue melts 
into purple or flashes into red ; ruby tints contrast with 
emerald hues : each change of the position of the eye or of 
the direction of the light gives rise to a new and startling 
effect. In other cases broad fields of colour, with much 
gentle gradation and mingling of tender pearly hues, re- 
jilace the gorgeous prismatic tints, and fascinate the be- 
holder with tlieir soft brilliancy. 

The iridescent hues of many minerals fall into tlie same 
general class ; they arc beautifully displayed by some of 
the feldspars, and the brilliant hues found on anthracite 
coal liave also the same origin. The blue films often pur- 
posely produced on steel are due to thin layers of oxide of 
iron which suppress the yellow rays. Other cases might be 
mentioned, but these will suffice for the present. 



CHAPTER V. 

ON THE COL DUES OF 0FALESCEN7' MEDIA. 

Tf white light be allowed to fall on water whieh is con- 
tained in a clear, colourless glass vessel, some of it Avill be 
reflected from tlie surface of the liquid, while another por- 
tion will traverse the water and liiially again reach the air. 
These well-known facts are represented in h^ig. 12. An 
eye placed at E will perceive the reflected light to be white, 
and the transmitted light will also appear white to an eye 
situated at O. But, if now a little milk bo added to tlie 
water, a remarkable change will be produced : light will, as 
before, be reflecled frovn the surfa(*e to the eye placed at 
and this surface-light will still be white ; but the little milk- 
globules under the surface and throughout the liquid will 
also reflect light to E — this light will l>e bluish. From this 
experiment, thou, it appears that the minute globules sus- 
pended in the liquid have the power of reflecting light of a 
bluish tint. In Fig. 12 the light is represented as being 
reflected only in one direction ; but, when the milk-globules 
are added, they scatter reflected light in many directions, so 
that an eye placed anywhere above the liquid perceives this 
bl uish appearan ce. 

On the other hand, after the addition of the milk, the 
light at O (Fig. 12), which has passed through the milky 
liquid, will be found to have acquired a yellowish tint. 
From this it appears that fine particles suspended in a liquid 
have the power of dividing white light into two portions, 
tinted respectively yellowish and bluish. If more milk be 
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added to tlie water, white light will mingle in and will final- 
ly overpower the bluish reflected light, so that it will hardly 
be noticed ; as the quantity of milk is increased, the colour 
of the transmitted light will pass from yellow to orange, to 
red, and finally disappear, the liquid having become at last 
so opaque as to cease to transmit light altogether. 



Fig. 12. — Keflection and Transmission of Light by Water. 


This very curious action is not confined to mixtures of 
milk and water, but is exhibited whenever very fine parti- 
cles are suspended in a medium different from themselves. 
If an alcoholic solution of a resin is poured with constant 
stirring into water, very fine particles of resin are left sus- 
pended in the liquid, and give rise to the appearances just 
described. Brlicke dissolves one part of mastic. in eighty- 
seven parts of alcohol, and then mixes with water, the water 
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being kept in constant agitation. A liquid prepared in this 
way shows by reflected light a soft sky-like hue, the colour 
of the liglit which has passed through being either yellow 
or red, according to the thickness of the layer traversed. 
The suspended particles of resin are very fine, and remain 
mingled with the water for months ; they are often so fine 
as to escape detection by the most powerful microscopes. 

Some kinds of glass which are used for ornamental pur- 
poses possess the same property, appearing bluish- white by 
reflected light, but tingeing the light which comes tlirough 
them red or orange-red. The beautiful tints of the opal 
probably have the same origin, and the same is true also of 
the bluish, milky colour which characterizes many otlior 
varieties of quartz. 

Not only liquids and solids exhibit this phenomenon of 
opalescence, but we find it also sometimes displayed else- 
where ; thus, for example, a thin column of smoke from 
burning wood reflects quite a proportion of blue light, 
while tlie sunlight which traverses it is tinted of a brown- 
ish-yellow, or it may be, oven red, if the smoke is pretty 
dense. 

All these phenomena are probably due to an interference 
of light, which is brought about by the presence of the line 
particles, the shorter waves being reflected more copiously 
than those which are longei* ; these last, on the otlier hand, 
facing more abundantly transmitted. An elaborate expla- 
nation of the mode in wdiich the interference takes place 
w'^ould be foreign to the purpose of the present work ; we 
therefore pass on to tlic consideration of the more practical 
avspects of this matter.* 

It will be well to notice, in the first place, certain con- 
ditions which favour not so much the formation as the per- 
ception of the tints in question : thus it will be found that 

* Coraparc E. Briickc, in Pojxgendorff’a Annalcn,’’ B J. 8S, S. 363 ; 
alao Bezold’s “ Farbenlehre,” p. 89. 
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the blue tint, in the experime?its with tlie liquids, is best 
exhibited by placing the containing glass vessel on a black 
surface. This effectually prevents the blue reflected ligh't 
from being mingled with rays which have' been directly 
transmitted from underneath. Indeed, the mere presence 
or absence of a dark background may cause the tint which 



Fig. 13.—Sinokc appcai-s Blue on a Duik Backgi'ouud ; Brown on a Light Background 

finally is perceived by the eye to change from yellow to 
blue, the other conditions all remaining unaltered. Thus in 
Fig. we have thin smoke seen pai’tly against a dark 
background, and partly against a sky covered with wdiite 
clouds : the lower portion is blue, from reflected light, 
while in the upper portion this tint is overpo^vered by the 
greater intensity of the transmitted light, which is yellow- 
ish-brown. As a general thing, the reflected and transmit- 
ted beams are botli present ; dark backgrounds favour the 
former, luminous ones the latter. 

If a thin coating of wdiite paint, such as white lead or 
zinc-white, is spread over a black or dark ground, the 
touches so laid on will have a decidedly bluish tint, owing 
to the causes which have just been considered. If a draw- 
ing on dark paper be retouched with zinc-white used as a 
water-colour, the touches will appear bluish and inharmo- 
nious, unless especial care is taken to prevent the wdiite 
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pigment from being to some extent translucent ; this disa- 
gree5sd>le appearance can only be prevented by making each 
touch d^finsc ahd quite opaque. For the production of such 
effects it is not even necessary to go through the formality 
of laying tlic white pigment on a dark ground ; white lead 
mingled with any of the ordinary black pigments gives not 
a pure l>ut a bluish grey. This is very marked in the case 
of black prepared from cork, which hence has sometimes 
been called ‘‘beggars’ ultramarine.” If yellow pigments 
are mixed with black, the effect is not simpiy to darken the 
yellow, as would be expected, but it is converted into an 
olive-green. This is particularly the case with those j)ig- 
ments which approximate to pure yellow in hue, such as 
gamboge and aureolin ; the least admixture of dark pig- 
ment carries them over toward green. But if these black- 
and-white or black-and-yellow pigments are combined by 
the method of rotating disks (see Chai)ter X.), we obtain 
pure greys or darker yellow tints, showing that the blue 
ii\ui is not, as many suppose, inherent in the black pigment, 
but an accident due to the mode of its employment. The 
above-mentioned cases are marked examples of the applica- 
tion of these principles to painting ; but in a more subtile 
W'ay the whole theory of the process of oil-painting takes 
cognizance of them, and is so adjusted as to avoid difficul- 
ties thus introduced, or, more rarely, to utilize them. It is 
perhaps scarcely necessary to add tliat the somewhat bluish 
tone of drawings made with body ooloui’, or of frescoes, is 
due to these same causes. 

Having hinted at the influence Avhicli this peculiar op- 
tical action exerts on the infancy of a picture, we pass on 
to consider some of its effects on a painting in its old age. 
It is well known that old oil-paintings frequently become 
more or less covered by what seems to be a coating of grey 
or bliUKsh-grey mould, which, spreading itself particularly 
over the darker portions, obscures them, so that all details 

are lost, and the work of the artist entirely destroyed. In- 
i': 
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vcxStigation has shown tliat this trouble is caused by an, im- 
mense number of fine cracks in the painting itself, which 
seem to act somewliat in the same way as? the fixtures 
wdiich have just been considered, so that .tho observer is 
practically looking at the picture through a rather dense 
ha:>:e. By tilling tlicse invisible cracks up with varnish tlie 
matter is somewhat helped, but much more perfectly by the 
“regenerations process’’ of Pettenkofer. This celebrated 
chemist once by accident used an old, worn-out bil-cloth 
mat, from which the pattern had mostly disappeared, to 
cover a beaker containing hot alcohol. On removing the 
mat, some hours afterward, he was surprised to find that 
the portion acted on by the alcoholic vapours had been reju- 
venated and the pattern restored. It w^as soon ascertained 
that the vapours had softened the pigment, and the separated 
grains had again been fused together. Experiments on old 
oil-paintings gave similar results, and the process is now in 
use in some of the largest European galleries. 

In many other objects besides those that have been 
mentioned these peculiar tints can be observed ; among 
minor examples may be mentioned the bluish-grey or green- 
ish-grey tint which marks the course of veins under the 
skin ; the blue or greenish colour of the human eye also 
owes its tint to the same cause. In these cases an opalescent 
membrane is spread over a dark background, and the colour 
is produced in the same manner as in the experiments de- 
scribed at tlie commencement of this ebapter. In blue eyes 
there is no real blue colonring-matter at all. 

It is, however, the sky that exhibits this class of tints 
on the grandest scale, as well as in the greatest perfection. 
Our atmosphere, even when perfectly clear, contains sus- 
pended in it immense numbers of very fine particles which 
never settle to the earth, and which the rain lias no power 
to wash down. When they are illuminated by sunlight 
they reflect white light mixed with a certain proportion of 
blue, and this blue is seen on a black background, which is 
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not^iing less than tlie empty space in which the earth is 
hung ^ Hence, tlie blue colour of the sky. This tint on 
ck^ar (liiys can be traced up tolerably near the sun, indeed, 
until the brightness of tlie sky begins to be blinding. An 
examination of the deepest blue portions of the sky with 
the sjiectroscope reveals the presence of much white light, 
so that the blue colour is very far from being pure or satu- 
rated— a fact that young laiidscape-jiainters soon have 
forced oh their attention. In clear weather, as long as the 
sun is at a consideralde distance from the horizon, the yel- 
low colour which accompanies the transmission of light 
through an opalescent medium is not miicli noticed ; but, as 
the sun sinks lower, its rays traverse an always increasing 
thickness of the atmosiihere, and encounter a greater num- 
ber of fine particles, so that the transmitted light, late in 
the afternoon, becomes decidedly yellow or rather orange- 
yellow. 

Having thus briefly considered the production of or- 
dinary sl: \'-tints, let ns pass to the aspects assumed by a 
landscajie under the influenco of the minute sus])ended par- 
ticles. These atoms will of course reflect light toward the 
observer, and this light will add itself to that vhich comes 
regularly from objects in the landscape, producing thus 
important changes in their appearance. The very thick 
layer of air intervening between the observer and the most 
distant mountains will send to the eye a very hirge amount 
of whitish-blue light, which will not greatly differ from a 
sky- tint. This will entirely overpower the somewhat feeble 
light reflected from ]mrtions of the mountain in shade, so 
that as a result we shall have all the shadows of tlie moun- 
tain represented by more or less pure sky-tints, and these 
tints Mali be far more luminous, far brighter, than the ori- 
ginal shadows More. No details will be visible in these 
wonderfully shaped bluish patches. Those portions of the 
mountains, on the other hand, m hich are in full sunlight will 

still visibly send light to the eye through the haze, and 

n2 
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their prevailing tint will be yellowish or orange, or s^’>nic 
other warm tone. Not many details will be visible, a??^ thc^ 
actual colours or local colours of the inountkin w^ili not •at 
all appear, or at most will only blend themoclvos with the 
soft, Tvarm tints due to the medium. In a word, the con- 
trast between the light and shade will be enormously dimin- 
ished, so that the general luminosity of tlie mountain will 
be hardly less than that of tlie sky itself, and its colour will 
be worked out mainly in tints which have the same origin 
and character with those of the sky. As we approacii 
nearer the mountain, these effects begin slowly to dimmish, 
and ill the sunlit portions delicate greens, varied and soft 
greys, begin to make their ajipearance, while the shadows 
lose their lieavenly blue, and, darkening, become bluish- 
grey. Afterward all those parts lying in sunlight display 
their local tint>s, somewhat softened, and the coloured light 
from the shadows begins to make itself felt, and, mingling 
with the blue rejected light, to produce soft piirj>lish-grcys^, 
greenish-greys, and other nameless tints. The sunlit por- 
tions of the pine-trees will be of an olive-green or of a low 
greenish-yellow, the sliadows on the same trees being pure 
grey or bluish-grey Avithout any suggestion of green. On 
nearer objects these effects are less traceable, and the natural 
relation between liglit and shade more and more preserved, 
so that contrast of this last kind becomes progressively 
stronger as we turn from the most distant to the nearest 
objects. All these effects are readily traceable on any or- 
dinary clear day ; they change, of course, with the condition 
of the atmosphere, and as it becomes misty the blue reflected 
light clianges to grey, tlio transmitted light not being 
equally affected. 

Late in the afternoon, when the sun is low, its rays trav- 
erse very thick layers of the atmosphere, and wonderful 
chromatic effects are produced. Near the sun the transmit- 
ted light is yellowish, but so bright that the colour is not 
very perceptible ; to the riglit and left the colour deepens 
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int\ an orango, often into a rod, 'which, as the distance from 
the \un increases, fades out into a purplish-grey, greyish- 
l)hie, paf>^ing finally into a sky-blue. The warm tints are 
produced rnauiiy l)y transmitted light, the cold ones by re- 
flected light, and the neutral lines by a combination of both. 
Above the sun there is, in clear sunsets, a rather regular 
transition upward, from the coloui\s due to transmitted, to 
those produced lov" reflected liglit. As tlie sun sinks lower 
its rays encounter a greater mass of suspended particles, 
and the warm tints above mentioned move toward the red 
end of the spectrum, and also gain in intensity. The pres- 
<u)ce of clouds breaks up the symmetiy of these natural 
chromatic compositions, and gives rise to the most magnifi- 
cent effects of colour witli which we are acquainted. The 
landscape itself >syiupathizes Avith the sky, and near the sun, 
cliameleon-like, assumes an orange or even red hue ; while at 
greater distances its cold tints are warmed, even the greens 
being changed into olive or yellowish hues. Simultaneous- 
ly the shadows lengthen enormously, hringing thus the com- 
position into grand and imposing masses, and investing even 
t he most coiniii on place scenery with an air of great iiobie- 
11 ess and beauty. 

The complete series of sunset hues, from tlie brightest 
light to the deepest shade, runs as follows : 

1. Yellow. i a. ItoO. 5. Violet-blue. 

2. Orange. i 4. Purple. G. Grey-blue. 

This, as it wore, normal series is often inteiTupted by 
the omission of one or more of the intermediate hues, and 
sometimes begins as low as the red or even purple. 



citaptj:r VI. 

PRODUCTION OF COLOUR BY FLUORFSCENCE AND 
PHOSPHORESCENCE, 

Iisr all the eases thus far exaiuincd, eoloin* has been pro- 
duced either by the analysis of wliito light or by subjecting 
it to a process of subtra<*tioii, as in the exaniples nunitioned 
in the last chapter. The very astonishing discovery of 
Stokes, liowever, has proved that colour can he produced in 
a nevv^ and entirely different way. If, in a darkened room 
the pure violet light of the spectrum be allowed to fall on 
a plate or wineglass made of uranium glass, these articles 
will not reflect violet light to the eye as would be expected, 
but will glow with a bright-green light, looking in the dark- 
ness almost as though they had suddenly become self-lumi- 
nous, This kind of glass has, then, the extraordinary prop- 
erty of entirely altering the colour of the light that falls on 
it, and of causing the light to assume a quite different 
hue. But, as colour depends on wave-lengtli, we are led to 
ask wdiether this property of tlio original beam of light is 
also affected by the uranium glass. Stokes proved conclu- 
sively that this is the case, and that in all sucli exj^eriments 
the length of the wave is made greater. It would appear 
that the waves of light act on the atoms whicli make u]> (or 
surround) the molecules of the glass, and set them in vibra- 
tion ; they continue in vibration for some little time after- 
ward, at a rate of their ow?i, selection^ which Is always less 
than that of the waves of light which gave the first impulse. 
Being in vibration, they act as luminous centres, and com- 



PliODDCTION OF COLOUR BY FLUORESCENCE, ETC. 63 

mui\icate vibrations to tlie external ether, and this is the 
green light that finally reaches the eye. The action takes 
{>race no\» only on the surface of the glass, but deep in its 
interior, so that, if the experiment be made with a thick 
cube of the glass, it actually appears milky and almost 
opaque, owing to the abundant flood of soft green light 
which it pours out in all directions. It is not even neces- 
sary to employ as a source of illumination the pure violet of 
the spectrum ; sunlight streaming through blue cobalt glass 
answers as well, and the sharp change from the violet-blue 
to the milky-green is quite as astonishing. 

Under ordinary daylight uranium glass scatters in all 
directions a bluisli-green Uglit, whicli is due to the cause 
above mentioned, but the light which passes through its 
substance is merely tinged yellow. Both these tints make 
their appearance in daylight, and by tbeir combination 
communicate to articles made of this glass a peculiar and 
rather beautiful appearance. Candle-light or gas-light fur- 
nishes but a scanty supply of blue and violet rays, hence 
this kind of illumination robs uranium glass entirely of 
its charm, and the articles made of it assume a dull yel- 
lowish hue which is neither striking nor attractive. There 
are many salts which have this property in a high degree : 
among the best known is the platino-cyanide of barium, 
which presents appearances similar to those above men- 
tioned, Thallerie, an organic substance derived from coal- 
tar, and described by Morton, must also be classed with 
uranium glass.* Drawings made with this substance on 
white paper, by daylight appear yellowish, but when placed 
under a violet or blue illumination flash into sudden bril- 
liancy, and scatter in all directions a strong greenish light. 
There are many liquids which have the same property, 
and which display different colours when acted on by violet 
light, but for an account of them we must refer the curi- 


* See “Chemical News,” December, 1872. 
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ous reader to Dr. Pisko’s work on the fluorescent of 

Before passing from this subject it may be as well to add 
that phosphorescence also often gives rise to colours which 
more or less closely resemble those of fluorescence. If tubes 
filled with the sulphides of barium, strontium, calcium, etc., 
be placed in a dark room and illuminated for an instant 
by a beam of sunlight, by the electric light, or by burning 
luagnesiiim wire, they will display a charming set of tints 
for some minutes afterward. Some will shine with a soft 
violet light, others will display an orange or yellow glow ; 
delicate blues will make their appearance, and will contrast 
well with the red lines, the latter resembling in the dai'k- 
iiess living coals of fire. Tlio tints, as such, are very beau- 
tiful and suggestive, though of course no direct application 
can be made of them to artistic purposes. 


* “Dio Fluorescenz dcs Lichtca,*’ F. J. Pisko, Vienna. 



CHAPTER VII. 

ON THE PRODT/CTION OF COLOUR BY ABSORPTION 

The colours produced by the dispersion, interference, 
and polarization of light have great interest from a purely 
scientific point of view, and are also valuable in helping us 
to frame a true tlieory of colour, but it is to the phenomena 
of absorption that the colours of ordinary objects are almost 
entirely due. The pigments used by painters, the dyes em- 
ployed by manufacturers, the colouring-matter of flowers, 
trees, rocks, and water, all belong here. Let us begin OTir 
study of this subject wnth a fragment of stained glass. 
When we place the glass flat on a surface of black cloth, 
and expose it to ordinary daylight, we find that it reflects 
light to the eye just as a piece of ordinary window-glass 
would under similar circumstances, and this light is white, 
not coloured. In this experiment, the rays of light which 
reach the eye have been reflected from the more surface of 
the plate of glass, those rays which penetrate its interior 
being finally absorbed by the black cloth underneath, and 
never reaching the eye at all. If we now raise the glass 
and allow the light of the sky to pass through it and fall 
on the eye, we find that it has been coloured ruby-red. The 
light of a candle- or gas-fiame is affected fti the same way, 
and a beam of sunlight streaming through the plate of glass 
falls on the opposite wall as an intensely red, luminous 
spot. Our first and very natural impression is, that the 
stained glass has the power of altering the quality of light — 
that the white light is in some way actually transmuted 
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into red liglit. This seems to be the universal impression 
among those who have not particularly examined the mat- 
ter. W e saw, in Chapter II., that with a prism we eouid 
analyze white light, and sort out the waves composing it 
according to their length, and that the sensation which the 
waves j)roduced on the eye varied with their length, the long- 
est giving red, the shortest violet. The prism can also be ap- 
plied to the study of the matter now under consideration. A 


Fia, Glass placed over Slit in Black Cardboard. 

screen of black pasteboard is to be prepared with a narrow 
slit cut in its centre ; over the slit a piece of stained glass is 
to be fastened, as indicated in Fig. 14. If, now, this arrange- 
ment be placed in front of a window, matters can be so 
contrived that white light from a cloud shall fall upon the 
slit and traverse the stained glass ; it will afterward rc^ach 



Fifl-. 15. — Speclriiin of lifjrbt transuiittod through Bed Glass. 


the prism which will analyze it. On making this experi- 
ment we find that the result is similar to what is indicated 
in Fig. 15 : the prism inf onus us that the transmitted beam 
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consists mainly of red light ; a little orange light is also 
{present. The experiment can, however, he made in a more 
iifstrnetive way, hy covering only half of the slit with 
the plate of glass. On repeating it with this modification, 
we obtain side by side an analysis of the white light direct 
from the cloud, and of the light which has traversed the 
ruby glass ; the result is indicated in Fig. 16, and we see 



Fig. 16.— Spectnim of White and Ked Light compared. 


at a glance tliat the solution of the whole matter is sim- 
]>ly this : the ruby glass is able to transmit the red rays, 
but it stops all the others ; these last it absorbs — hence 
w(i say it produces its colour by absorption. The other rays 
are in fact converted into heat, and raise tlie temperature 
of the glass to a trifling extent. The experiment can be 
varied somewliat without affecting the result ; if a solar 
spectrum be projected on a screen, as described in Cliapter 
IT., we shall find, when we look at it tlirough the ruby glass, 
that we can see only the red space, light from the other col- 
oured spaces not being able to penetrate the glass ; and 
finally, when we hold our plate of glass directly in the paths 
of the coloured rays, we sliall notice that it stops all ex- 
cept those that are red. These simple fundamental experi- 
ments prove that the ruby glass does not transmute white 
light into red, but that it arrests certain rays, and converts 
them into a kind of force which has no effect on the eye ; 
the rays which are not arrested finally reach the eye and 
produce the sensation of colour. 
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For more careful examinations of the coloured liglit 
transmitted by stained glass a spectroscope with one flint- 
glass prism can advantageously be used. The stained glass 
is to be fastened so that it covers one half of the slit, and 
tlien we shall have, placed side by side, the spectrum due 
to the glass and a prismatic one for comparison. In this 
latter the fixed lines will be present, and we can use them as 
a kind of natural micrometer for mapping down our results. 
There is, hoAvever, another point to be attended to. When 
we come to examine the red glass carefully with the spec- 
troscope, we find that it not only transmits the red rays 
powerfully, but that a little of the orange rays also passes 
through with still smaller portions of the green and blue 
rays. Hence we are dealing not only with spaces in the 
spectrum, hut w'ith the relative intensities of the coloured 
light filling those spaces. It is difficult, or rather impos- 
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Fio. 17. — Spoctrnm, pbowin*? the Extent an«l IntenRiiyof the Colonrod Lipht transmitted 
by Iteil Glass, The shaded portion represents tlie trausmitted litjht. 


sible, to represent the different intensities by shading on 
paper ; hence physicists have adopted a 0 (U'tain convention 
Avbich removes this trouble, and enables them to express 
differences in luminosity readily and accurately. All this 
is accomplished by drawing a curve, and agreeing that dis- 
tances measured upward to it shall represent different de- 
grees of luminosity. We agree, then, to let the entire rec- 
tangle A II O N, Fig. 17, represent a solar spectrum, with 
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its different colours properly arranged, and having their 
natural or normal luminosities, and in this rectangle we 
d<*aw the curve furnished by the red glass (Fig. 17). We 
liiid that it is highest in the red space ; but even here it 
reaches only about half way up, showing that the luminos- 
ity of the transmitted red light is only half as great as that 
of the same llglit in tlie spectrum ; in the orange space it 
falls rapidly off, the curve sinking with a steep slope ; after 
that it runs out into the green ami blue, almost to the vio- 
let, in such a way as to indicate that the red glass transmits 
minute quantities of tliesc different kinds of coloured light. 
The luminosity, then, of all tlie transmitted rays, excei)t 
tlie red, being quite feeble, the light which conies througli 
appears pm*e red. Making a.n examination of an orange- 
yellow glass in the same way, wo obtain the curve shown in 
Fig. IS : this glass, it appears, transmits most of the red, 
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Fig. is.— T he sliadiHl j>ortioa hhows t.h(* ainotmi of transmitted l)y an orange- 

coloured glass. 


orange, and yellow rays, with much of the green and a 
little of the l)lue. Here, of course, the orange and yellow 
rays after transmission make up an orange-yellow hue, and 
the green and red rays by their union reiiroduce the same 
colour, as we shall see in Chapter X. Hence the final colour 
is orange-yellow, without the least tint of red or green. 
Taking next a green glass, we obtain another curve, Fig. 19, 
showing that much green light is transmitted, but along 
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Fig. 10. — The shaded portiou represents the amount of lifjht transmitted by green glass. 


with it some red and some blue. Blue glass shows the 
cyan-blue weakened, the ultramarine-blue and violet strong; 
the green is very weak, so also arc yellow and orange ; the 
red is mostly absent, except a feeble extreme red. The re- 
sult is of course a violet-blue (Fig. 20), A purple glass is 
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Fig. 20. — Tin* shaded portion represents tlie amount of light transmitted by blue glass. 


found to absorb the middle of the spectrum, i. e., the yel- 
low, green, and cyan-blue ; the red and violet are also en- 
feebled, but are at all events far stronger than the other 
transmitted rays. We have, then, as a final result, red, 
ultramarine-blue, and violet, which being mingled make 
purple. It is evident from these experiments that the col- 
ours produced by absorption are not simple, like those fur- 
nished by the prism, but are resultant hues, produced by 
the mixture of many different kinds of coloured light hav- 
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ing varying degrees of brightnes»s. On this account, and by 
reason of the tendency of many kinds of stained glass to 
absorb to a considerable extent all kinds of coloured light 
presented to them, it happens that stained glass furnishes 
us with coloured liglit inferior in purity and luminosity to 
that obtained by the use of a prism. Nevertheless these 
colours are the purest and most intense that we meet with in 
daily life, and far surpass in brilliancy and saturation tliose 
produced by dyestuffs or pigments. 

There is one property which probably all substances 
possess which produce colour by absorption, upon which a 
few words must be now bestowed. If we cause white 
light to pass tlirough a single plate of yellov/ glass, the 
rays which reach thc^ eye will of course be coloui ed yellow. 
Add now a second plate of the same glass, and the light 
which traverses the double plate assumes a somewhat dif- 
ferent appearance ; it evidently is not so luminous, and its 
(‘olonr is no longer (jiiite the same. Using six or eight 
plates of the yellow glass, we find that the transmitted 
light appears orange. If the same experiment be repeated, 
using a considcral)le number of plates of the same glass, 
the colour will change to dark red. From this it appears 
that the colour of tlie transmitted beam of light depends 
somewhat on the thickness of the absorbing medium. This 
change in the case of some liquids is very considerable : 
thin layers, for exam})le, of a solution of chloride of chro- 
mium transmit green light mainly, and so imitate the ac- 
tion of a plate of green glass ; thick layers of the same 
liquid transmit less light in general, but tin? dominant 
(colour is red, and objects viewed through them look as 
they would, seen through a plate of dark-red glass. This 
curious property is easily explained by an examination of 
the action of the liquid on the prismatic spectrum. In Fig. 
21 the curve represents the relative intensity of the coloured 
light in different portions of the spectrum. If we cut off 
successively slices of the rectangle, as is done in Figs. 22 
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Fig. ‘il.—Tho sluided portion represents the amount of traiismitUul by chloride of 

ehrominm. 


and 23, we obtain the curves corresponding to a greater 
and greater thiclviiess of liquid, and it is plain that at last 
Ave shall have the state of things indicated in Fig. 23 ; the 
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Fig. 22.— Cliloride of Cbroiniuin; inflect produced by a 'riiick Layer. 


curve is about the same as for red glass (Fig. 17), and the 
final colour is red. This is an extreme case, but in stained 
glasses, pigments, dyestulFs, etc., there is generally a ten- 
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Fig. 23,— Chloride of Ohrotniuni ; KlFcct produced by a very Thick Layer. 


dency toAvard the production of effects of this kind, some 
of Avhich Avill hereafter be noticed. 

The colours of painted glass are similar to those of 
stained glass in origin and properties; both are intense, 
rather free from admixture with Avhite liglit, and capable 
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of *a high degree of luminosity. In these respects they far 
surpass tlie colours of pigments, which compared with them 
appear feeble and dull, or pale. Owing to this circum- 
stance, chromatic combinations may be successfully worked 
out in stained glass, whicli would prove failures if attempt- 
ed with pigments or dyestuffs. Hence also the wonderfully 
luminous appearance of paintings on glass viewed in a prop- 
erly darkened room : they su]*pass in some respects oil or 
water-colour paintings to such a degree that the two are not 
to be mentioned together. There is no doubt but that 
glass-painting offers advantages for the production of real- 
isti(? effects of colour and light and shade, such as the very 
narrow scale of oil and water-colour utterly denies ; and 
yet great artists seem to reject this process, and severely 
coniine themselves to work on canvas or paper, choosing to 
depcuid for tlieir effects rather on pure teehni(ial skill and 
aJlistic feeling. 

If we [)lace on a sheet of white pa])er a fragment of pale- 
blue glass, it will display its colour, thongli not so brilliantly 
as when field so that the liglitof the vrindowsti'oams through 
it directly. The reason is very evident : the light whicli 
penetrates the glass falls on the paj>er and is rellectod by it 
back through tlie glass to the eye. The light then traverses 
the glass twice, but this is not the only cause of its inferior 
luminosity, for a double plate of tlu' same glass held before 
the window appears still far brighter than the single glass 
on the papivr. Tlie other reason is that the paper itself re- 
flects only a small amount of the light falling on it. Upon 
t'xamining the matter mon^ closely we find also that the blue 
glass reflects from its surface quite a (juantity of while light, 
Miiich, when mingled with the coloured light, renders it 
somewhat pale. If, now, we grind u|> into a very line pow- 
ner some of the blue glass, we obtain the pigment known 
as smalt, and, after mixing it witli water, we can wash our 
vvliite paper with a tliin layer of it. When it dries the 

F 
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paper will be coloured blue, but the hue will be neither so 
luminous nor so intense as that of the light directly trans- 
mitted by the blue glass when held before *a window. .Its 
origin, liowever, is similar : the white light after traversing 
a layer of the minute Idue particles reaches the paper, and 
is reflected backward once more through tliein toward the 
oye. In this process many coloured rays sutfer absorption, 
and only a small portion of the constituents of the original 
beam Anally reach the eye. In the original experiment, 
where the blue glass was simply laid on the white paper, it 
sometimes happened that the white light regularly reflected 
from its first surface ini!igled itself with the coloured light 
and caused it to look paler, but it was always possible to 
arrange matters so that this damaging coincidence did not 
occur. In the experiment with the blue powder spread on 
the paper this is impossible, for the surfaces of the little 
particles lie with all possible inclinations, so that, hold the 
paper as we will, it is sure to reflect niiu‘h white along with 
its coloured light. What we have, then, to expect when 
pigments in dry powder are spread on wliilo paper is, that 
they will reflect only a moderate quantity of coloured light 
to the eye, and that it w ill be rendered somewhat i)ale by 
admixture witli white liglit. 

With the aid of a little hand spectroscope tliese points 
arc readily demonstrated : when we direct the instrument 
tow^ard our blue paper, we find that all the; colours of the 
spectrum are ])resont in considerable quantities — lienee some 
w bite light must be reflected from the paper ; we also notice 
that the red, yellow’^, orange, and green rays are present in 
less quantity than in an ordinary prismatic spectrnm — hence 
the curve for the smalt-paper is like that given in Fig, 2L 
In making exaininations with the speetroscope of the col- 
oured light reflected from painted surfaces, it is advanta- 
geous to use simultaneously, along wdth tiie strip of painted 
paper, one wdiicli is w bite and a tliird wdiich is black. It 
has been found by tlie author that paper painted dead-black 
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witli lampblack, to which has been added just enough spirit 
varnish to prevent its rubbing off, but not enough to cause 
it in the least degree to shine, reflects as much light as 
wliite paper. Hence if we set the luminosity of white paper 
as 100, that of dead-black paper will be 5. Now, when a 
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Fio. 24.— (Jiii’ve for Smalt-})a])er : tlio .‘^hadod |>ortion ropresonts tbo lij^ht rellected 
by ymalt-piirei*. 


stripof this black paper is placed before the slit of the spcc^ 
troscope it acts like while paper seen under a feeble illunii- 
nation, and consequently furnishes a complete though not a 
A^ery lutriinous spectrum. By using, then, a black-and-Avhite 
sirip along with the one Avhich has been painted, we can 
ascertain several facts wliicli may best be explained with 
the help of an (ixample. Let us first select vermilion in dry 
poAvder, and undertake an examination of its optical proper- 
ties in this Avay. We iind tliat the red of its spectrum is 
about as powerful as the red in the spectrum from Avliite 
paf)er, and tliat the other colours, though all present, are 
not miicli if any stronger than those fi-om the black paper. 
This is all Ave can demand from any pigment : it reflects to 
the eye its full share of the rays it professes to reflect, and 
they are not mingled with more white liglit than is reflected 
by dead-black paper. Emerald-gi'een Avlien tested in this 
way proves sensibly inferior to vermilion : examined in 
dry powder the green space was bright, but less bright than 
that from v\hlte paper ; the other colours had about the 
same degree of luminosity as those from the black paper, 
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except the violet, whicli was not present. Chrome-yeilow 
reflected the red, orange, yellow, and green rays about as 
brilliantly as white paper ; the cyan-blue, ultramarine, and 
violet, about like black paper. Hence the great luminosity 
of this pigment, for it reflects not only the yellow rays 
abundantly, but also all the other rays of tlie spectrum 
which are distinguished for luminosity. As before re- 
marked, the sum of these rays makes up yellow. It is plain 
from these expeiimcnts that a ])ainted surface can never be 
as luminous as one which is white ; tJie most that can be 
demanded from a painted surface is, that it should reflect 
its peculiar coloured liglit as powerfully as a white surface 
does ; the very cause of its furnishing coloured liglit is, that 
it fails to reflect all the coloured rays equally well Hence 
coloured siirfav^es are always <larker than those which are 
white. If we set the luminosity of white pajier as 100, tliat 
of vermilion will be about 25, emerald-green 48, and cliroinc- 
yellow as high as 75 or 80. 

These experiments can now be repeated with the same 
pigments covered by a layer of wat(‘r. The surface of the 
wat(‘r being quite flat, tin* spectroscope can be held in such 
a way as to avoid the light directly reflected from the water, 
and it then becomes jiossilile to observe certain changes 
whicli the presence of tin; water brings about. I.u the case 
of vermilion we iiiid that the blue and violet portions of the 
spectrum almost entirely vanish, a little of tlie yellow, 
orange, and gn;en spaces remains, and the red is nearly as 
powerful as before. Tliis jiroves that the jivesenee of the 
water has greatly^ diminished the amount of y)1dte light I’c- 
fleeted T'rom the surfaces of the parti(*l('S of pigment, but 
has not much afl’cetc^d the brilliancy of the reflected col- 
oured light. Experiments with emerald-green and clirome- 
yeliow give corresponding results ; less light in general is 
reflected, but it is soiiK’what purer, tliero being not so much 
wliitc light ming!(‘d with it. By immersing our pigments 
in oil or vaniisli we push these effects still f urtlier : tlie 
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irigments appear darker, but the colour is richer, and more 
nearly free frqm white light. The explanation of these 
cljfCnges is well known to physicists : they depend upon the 
fact that light moving in a rare medium like the air is abun- 
dantly reflected when it strikes on a dense substance like a 
pigment ; but if the pigment be placed under water we 
liave then light moving in a dense medium (water), and 
striking on one which is only a little more dense (pigment) : 
hence but little white light will be refle(;ted from the sur- 
face of tlie small particles. The coloured light which is so 
abundantly furnished by the pigment, even under Avater, 
has its source in reflections Avhich take place in the interior 
of the somewhat coarsely grained particles of the pigment 
itself. If the pigment is naturally fine-grained, and also is 
mixed Avith a liquid like oil, liaving about the same optical 
density as itself, scarcely any light Avill bo reflected from it, 
(Hdoured or otherAvise. Prussian-blue and crimson-lake, 
ground in oil, are good examples. In order to exhibit their 
colours it is necessary cither to spread them in thin layers 
over a light surface, or to mix them Avith a Avhite pigment ; 
alone by thcunselves they appear very dark, the Prussian- 
blue, indeed, almost black. Many other pigments are more 
or less affected in the same AA^ay by the presence of oil or 
varnish. 

From wliat has been stated above it follows that the 
medium Avith AAdiich pigments are mixed has an important 
influence on their appearance. In drawings executed in 
coloured chalks, and in oil-paintings, we have the tAVO ex- 
ti’cmes, works in Avmter-colour being intermediate. Hence 
oil-painting is characterised by the richness of the colouring 
and the transparency and depth of its vshadoAvs, while in 
pastel draAvings the tints are paler, the shadows less intense, 
and over the whole is spread a soft haze which lends itself 
readily to the accurate imitation of skies and distances. 
Changes in tlie medium are sometimes a source of embar- 
rassment to the painter. This is particularly true in the 
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process of fresco-painting, and also to some extent in that 
of water-colour : as long as the pigment is moist it appears 
darker than afterward when dry, and it is necessary for* the 
artist in laying on each wash to make a proper allowance 
for these changes ; this is one of the minor causes that ren- 
der the process of painting in water-colours more difficult 
than that in oils. 

As has already been stated, when we obtain our coloured 
light from pigments, it is apt to be more mingled with white 
light than wlieii stained glass is used ; but, besides this, it 
is inferior to that from stained glass in the matter of lumi- 
nosity. The range of illumination in our houses is small, 
so that practically the scale of light at the disposal of the 
painter in oils or water-colours is (juite limited ; in point of 
fact he is obliged by the necessities of the case to employ 
means which are quite inadequate : hence the extraordinary 
care with whicli he liusbands his resources in the matter of 
light and shade, and his constant struggle for excellence 
and decision in colouring. Muddy and dirty colours are 
instantly recognizod to be such under a feeble illumination, 
even though they have passed muster under the blaze of 
full sunlight. Almost any surface looks beautiful if very 
brightly illuminated ; the eye is dazzled, and remains un- 
conscious of defects tliat are instantly exposed under the 
feebler light of a gallery. 

The colours which are exhibited by woven fabrics arc 
due, like those of stained glass, to absorj)tion. In the case 
of silk and wool the dye penetrates the fibres through and 
through, so that under the microscope tJiey have mucli the 
same appearance as fine threads of stained glass. When 
white light falls upon a bundle of such coloured fibres, a 
portion is reflected uncoloured from the surface of the top- 
most fibres, while another portion penetrates to the rear 
surfaces of these same fibres and there is again subdivided, 
some rays penetrating still deeper into the bundle, while 
others returning to the upper surface emerge coloured. 
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This process is repeated on each deeper-lying set of fibres, 
and the result is that a good deal of strongly coloured light 
is sent to the eye, mingled with a portion due to the surface 
layers, which is more faintly coloured ; there is in addition 
a small portion which is quite white. It will be seen that 
the reflective power of the fibres is an important element in 
this process, for all the coloured light Avhich reaches the eye 
is sent there by reflection. If we take similar structures of 
silk and wool, we can compare directly the lustre or reflective 
power of the individual fibres, with the aid of a lens mag- 
nifying ten or fifteen diameters. A silk-cocoon and a piece 
of white felting answer very well for this purpose, and 
when they are compared under the microscope it is very 
evident that the natural lustre of the silk is greatly superior 
to that of the wool. On comparing in this way the felting 
witli white cotton batting, it will be found that the wool 
surpasses the (cotton in lustre, the latter appearing almost 
dead-whit(^ and free from sparkle. It follows from this that 
the coloured light which is reflected from silk is more satu- 
rated or intense, and appears richer, than that from wool, 
'^riie fibre^s of silk also can be made to lie in straight, paral- 
lel, compact bundles, which enables them to reflect the white 
light in definite directions, whereas woollen fabrics reflect it 
equally well in all directions. It results from this that a 
fabric of silk is capable, according to circumstances, of ex- 
hibiting a rich saturated colour nearly free from white 
light, or it may reflect much white light and exhibit a pale 
colour. This sparkling play of colour is beautiful, and 
causes the more uniform appearance shown by woollen 
fabrics to appear dull and tame. On the other liand, the 
superior trans])arency of the dyed fibres of wool over those 
of cotton give to the colours of the former material a cer- 
tain appearance of richness and saturation, and cause the 
tints of the cotton to appear somewhat opaque. 

In velvet the attempt is made to suppress all surface-light, 
and to display only those rays which have penetrated deeply 
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among the fibres, and have become highly coloured. This is 
accomplished by presenting to the light a surface which is 
entirely composed of the ends of fibres, and consequently 
which has little or no capacity for reflecting light. The 
rays tlien penetrate between the fibres thus set up on end, 
and, after wandering among them, finally again in some 
small quantity reach the surface as richly coloured light, 
which produces its full cfrect undiminislied by any admix- 
ture of wliite light from the surface. In the case of silk- 
velvet the desired effect is for the most part actually real- 
ized : tiie colours are rich, and an exam inat ion with a lens 
show^s that scarcely any of the fil>res reflect white light, 
CA^en when the fabric is held in unfavourable positions. If 
cotton-velvet is subjected to a similar examination under a 
lens, it will be found to reflect much surface-light, particu- 
larly Avhen not quite new, and the surface will present a 
broken, rough appearance, quite different from that of its 
more aristocratic rival. 

It Avould appear that at present it is actually possible to 
employ for Avx)ven fabrics dyes which furnish coloured light 
having a degree of int(msity and purity which is actually 
undesirahle. This is the case with some of the aniline dyes. 
Dresses djanl with some of them, Avhen seen in full daylight, 
act on the eye so poAverfully that mere momentary inspec- 
tion gives rise to the phenomenon of accidental colours (see 
Chapter VIII.). These harsh effects are interesting as con- 
veying certain information tliat our dyers have already 
touched, and indeed gone beyond, the greatest allowable 
limits in the matter of the intensity and purity of their 
hues. At least this applies to large surfaces, such as com- 
plete dresses, etc. In the case of smaller articles, such as 
ribbons, etc., these intense colours are more allowable, just 
as the flash of diamonds is more tolerable on account of 
their insignificant size. 

We have seen, thus far, that the colours of pigments 
and dyestuffs are due to absorption, and to this same cause 
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we must attribute the colours of most objects wliicli occur 
in landscapes. Two of these are so important tliat it will 
be worth wliile to devote a few moments to their separate 
consideration : we refer to tlie colour of winter, and to that 
of vegetation. The colour of large masses of \vater, sucli 
as lakes and rivers, is so mucli influenced by that of tlie 
sky that many persons consider it to depend wholly on it, 
and are disposed to doubt whether water has any proper 
colour of its own. It is quite true that a small quantity of 
purciwater, such as is contained in a drinking-glass, appears 
perfectly colourless, and that the light from white objects 
passes through it without sulTering sensible absorption. If, 
how'ever, we allow the white light from a porcelain jflate to 
traverse a layer of pure distilled water two metres in thick- 
ness, it will be found to be tinged bluish. This experiment, 
which was first made by Bunsen, proves that an absorption 
takes place along the red end of the spectrum, and that 
water is really coloured in the same sense as a weak solution 
of indigo. The water of the lake of Geneva is quite pure, 
being produced mainly by the melting of glaciers ; the 
granite meal mingled with the water, being coarse, soon 
settles to the bottom, and leaves it free fi’om turbidity. 
Hence along the wonderful sliores of this lake it is easy 
to repeat the experiment of Bunsen, and to study tlie colour 
"of this liquid. White objects, resting on the bottom in the 
shallow places where the depth is six or eight feet, show 
very plainiy a greenishdflue hue, and the t int can be exam- 
ined diflVrent depths by low^ering a pie(;e of wdiite porce- 
lain with a string. Even on cloudy days, wdnui the sky is 
overcast and grey, the lake itself displays a wonderfully in- 
tense cyan -blue colour, while on clear days, on looking 
down into its waters, one is tempted to believe that it 
is a vast natural dyeing-vat. AVhen vegetable matter is 
present in small quantity the colour of water changes to a 
hliiish-green ; many excellent examples occur among the 
beautiful lakes of the Ty^ol. Decaying organic matter, 
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on the other hand, tinges water brownish, and lakes or 
rivers of tliis colour are apt to assume on cloudy dajvS a 
silver-grey appearance, while under a clear sky they often 
appear very decidedly blue. Tliere seems to be some reason 
to believe that the absorptive action of pure water on white 
light changes with its temperature, and that warm water is 
actually more deeply coloured than cold water. Heat has 
an action of this kind upon many coloured substances, and 
Wild with his photometer actually found that both distilled 
and pump water showed somewhat stronger colours on 
being heated. He accounts in this way for the more in- 
tense colour which it is claimed mountain lakes display 
during tlie summer months. 

The green colour of vegetation offers a ratlior peculiar 
case. When we examine with the spectrosco))o any ordi- 
nary green pigment, vv^c find that the red is absent and the 
blue and violet much weakened, as was the case with ern- 
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Fid. 2u.— The shaded portion roprosmts the light reflected by i;'rce )2 leaves. 


erald-groen. Green leaves, however, furnish a spectrum of 
a different character : the extreme red is present ; then 
occurs a deficiency of coloured light, which is followed by 
an orange-red space ; next comes the orange, then the yel- 
low, greenish-yellow, and yellowish-green ; after this fol- 
lows a little full green ; the rest of the spcctnim decreases 
rapidly in luminosity. Fig. 25 represents this spectrum. 
The sum of all these colours is a somewhat yellowish green, 
which is accordingly the colour presented by green leaves 
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in white light. It will be shown in Chapter X. that a mix- 
ture of red .and green light furnishes yellow light, which 
(Explains the production of a yellowish-green in this some- 
what singular way. It follows, from the analysis just given, 
that green leaves are capable of reflecting a considerable 
quantity of red light, where surfaces painted with green 
pigments would not have this power, and consequently 
would appear black or grey. Hence under the red light of 
the setting sun foliage may assume a red or orange-red hue. 
Corresponding to this, when the illumination is of an orange 
colour, foliage will partake more of this hiu? than would be 
the case with ordinary green pigments. Connected with 
this is also the great change of colour whicli foliage expe- 
riences according as it is illuminated by direct sunlight or 
by light from the blue sky, the tint in extreme cases varying 
from a yellow or slightly greenish yellow up to a bluish -green. 

Simler has constructed a simple and beautiful piece 
of apparatus, based on the singular property which living 
leaves have of reflecting abundantly the extreme rod rays 
of the spectrum ; it Is called an erythrosaype, A plate of 
blue glass, stained with cobalt, is to be procured, having a 
thickness such that it will allow the extreme red of the 
spectrum to pass, but no orange or yellow ; it should also 
transmit the small hand of greenish -yellow just before the 
fixed line p], and all the green from b to ¥, also all the blue 
and violet. A plate of ratlicr deeply coloured yellow glass 
is also neede<l ; this should be capable of transmitting all 
the liglit of the spectrum from the farthest red up to G ; 
that is to say, it should cut off the violet and blue-violet 
only. When a sunny landscape is viewed througli these 
two glasses, it assumes a most wonderful appearance : all 
green trees and plants sliine with a coral-red colour, as 
though they were self-luminous ; tJie sky is cyan-blue,* the 
clouds purplish-violet ; the earth and rocks assume various 


* Cyan-blue is a greenish-blue. 
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tints of violet-grey. Pine-trees ai^pear of a dark-red hue ; 
orange or yellow flowers become red or blood-red ; greens, 
other than those of the foliage, are seen in their naturarl 
tints, or at least only a little more bluish ; lakes preserve 
their fine blue-green colouring, and the play of light and 
shade over the landscape is left undisturbed ; the wljole 
efl’e(*t is as though a magician’s wand had passed over the 
S(^ene, and transformed it into an enchanted garden. For 
the full realization of these effects it is essential tliat stray 
light should be prevented from rciachiiig the eyes, and ac- 
cordingly the glasses should be mounted in an arrangement 
of wood or pasteboard which adapts itself to the contours 
of the face, and excludes as much as possible diffuse light. 
On comparing tlic spec^trum given hy the blue and yellow 
glasses with that of green leaves, it will be found that the 
two ghivsses cut off almost all the green light furuislied by 
the leaves, but allow thos(j green rays of light to pass which 
the leaves are incapable of supplying. 

The colours which metals such as copper, brass, or gold 
display, are due to absorption. A quantity of white liglit 
is reflected from the real surface, but along with it is min- 
gled a certain amount which has penetrated a little distance 
into the substance of the metal, and there has undergone 
reflection ; this last portion is coloured. If we cause this 
mixture of white and coloured light to strike repeatedly on 
a metallic surface — for example, such as gold — we constant- 
ly incr(iase the proportion of light which has penetrated 
under tlic surface, and has become coloured. A process of 
this kind takes place in the interior of a golden goblet ; 
hence the colour in the inside is deeper and more saturated 
than on tlie outside. Some metals, like silver or steel, hard- 
ly show much colour till the light has been made to strike 
repeatedly on their surfaces ; when this is done with silver, 
the light gradually assumes a yellow colour, while with 
steel it becomes blue. 
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The true colour of metals must not be confounded witli 
that which is often given to them by the presence of a sur- 
face-film of oxide or sulphide ; such films cause for the 
most part a bluisli appearance, though all the colours of the 
speetrum may be produced on metals iti tliis way. In fact, 
the hue in tliese cases is due to an interference of light 
caused by the thin layer of oxide, and is quite distinct from 
the actual colour of the metal. (See Chapter TV.) 

Metals, whetlier coloured or white, ai’e chiefly remark- 
able for the large? (piantities of light which they are capable 
of reflecting. Measurements made by Lambert have sliown 
that the total mnoiiut of light reflected by white paper is 
about forty per cent, of the light falling on it. Silver, 
however, is capable of reflecting ninety-two per cent. ; steel 
sixty per cent., etc. 

Polished surfaces, particularly of metals, have another 
property wliich adds to their apparent brilliancy, and in- 
(U’eases their lustrous appearance. Those portions of the 
surface which are turned away from the light often reflect 
but little, and look almost black. This sharp contrast en- 
hances tlieli’ brilliant, si^arkling appearance, and raises them 
quite above the rank of surfaces coloured by pigments. In 
consequence of this, metals cannot be used along with ])ig- 
meiits in serious or realistic painting ; they are quite out of 
harmony, and produce the im|u*ession that the paiijter has 
sought to helj) himself by a cheap trick rather than by em- 
ploying the true resources of art. In those cases where 
gold was so extensively used during the middle ages for 
the backgrounds of pictures of holy personages, or even for 
tlio adornment of their garments, the ol)je(*t was far more 
to produce symbolic than realistic representations, and here 
the presence of the gold was actually a help, as tending to 
convey the idc‘a tliat the painting w^as not the portrait of an 
ordinary mortal, but rather a childlike attempt to depict 
and lavishly adorn tlie ideal image of a venerated and 
saintly character. On tbe other hand, this brilliancy of 
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gold, with its rich colour, preeminently adapts it for the 
purpose of inclosing paintings and isolating them from sur- 
rounding objects. A painted frame or wooden frame, inas- 
much as its colour belongs to the same order as those con- 
tained in the picture, becomes as it were an extension of it, 
ana is apt to injure the harmony of its coiouring ; and, be- 
sides this, its power of isolation is inferior to that of gold, 
on account of its greater resemblance to ordinary surround- 
ing objects. 


Having now considered with some detail the colours 
that are produced by absorption, it may be well to add a 
few words concerning the attempts that have b(3en made to 
reproduce colour by the aid of photography. Pliotographs 
render accurately tlie light and shade, why should they not 
also record the colours, of natural objects? In 1818 E. 
Becquercl announced that he had been able to photograph 
the colours of a [uismatic spectrum falling on a silver plate 
which had been treated with chlorine. These colors were 
quite fugitive, lasting only a few minutes. In 1850 Nil‘pce 
de Saint- Victor and in 1852 J. Campbell claimed that lliey 
had rendered these colours more permanent. In 1802 the 
former experimenter, by washing the finislied plates with a 
solution of dextrin containing chloride of lead, obtained 
coloured pictures that lasted twelve hours. In the following 
year he still further improved his process, the colours last- 
ing three or four days in rather strong daylight. An ex- 
amination of the details of these memoirs and of the j)ic- 
tures indicates tliat the colours thus obtained are due to a 
greater or less reduction of the film of chloride of silver, 
and are, in fact, produced merely by the interference of 
light, and consequently have no necessary connection vvdth 
the hues of the natural objects to which they seem to owe 
their origin. Hence must regard this problem as un 
solved, and in the present state of our knowledge there 
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does not seem to he any reason to suppose that it ever will 
he solved. Why should the red rays Avhen acting on a cer- 
tain substance produce a red compound, the green and vio- 
let rays green and violet compounds, and so on Avith all the 
other coloured rays? But photography in colour implies 
exactly this. 

This problem has more recently been handled in an en- 
tirely different manner, and Avith a more hopeful rcvsult, 
from a practical point of vicAV. Suppose Ave place a red 
glass before a photographic camera, and photograph some 
object with brilliant colours — a carpet, for example. We 
shall obtain an ordinary negative x)ictiire, which Avill be en- 
tirely due to the red light sent by tlve carpet toward the 
instrument. Portions of the carpet having a different col- 
our will not be photographed at all. Next let us hold be- 
fore the camera a glass Avhich transmits only the yellow 
rays (if such glass could be found), and avc shall obtain a 
picture of the yellow constituents of the carpet ; the same 
is to be done Avith a blue glass. From these three ordinary 
iiegatiA^cs, three positive pictures are to be made in gelatine, 
the first being colored Avitli a transi)arent red pigment, the 
second with a yellow, the third Avith a blue pigment. The 
first sheet of gelatin Avill contain a red picture, due to the 
red parts of the carpet ; the second and third, similar yel- 
loAv and blue pictures. When these transparent coloured 
sheets are laid over each other, avc shall have a picture cor- 
rect in drawdng, which will roughly reproduce the coloui's 
of the carpet. This gives an idea of the plan proposed in 
1869 by C. Cross and Ducos du Tlauron, for the indirect 
reproduction of colour by photogra})hy. In actual practice 
the negatives Avere taken Avith glasses coloured orange, 
green, and violet ; these negatiAx^s Avere then made to yield 
blue, red, and yellow positive pictures. Ihis process lias 
been greatly improved by Albert, of Munich, and by Bier- 
staclt, of New York. In the final picture the gelatine is dis- 
pensed with, films of colour, laid on by lithographic stones, 
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being substituted. The selection of the pigments is neces* 
sarily left to the judgment of the operator, and in its pres- 
ent state the process is better capable of dealing with the 
decided colours of designs made by the decorator than with 
tlie pale, evanescent tints of Nature. 


APPENDIX TO CIIAPTEPw YIL 

We give below a list of pigments which, according to Field and 
Linton, are not affected by the prolonged action of light, or by foul 


White. 

Orange. 

Zinc-wliite. 

Orange vermilion. 

True ])carbwhitc. 

Jaunc do Mars. 

Baryta-white. 

Orange ochre. 

Tin-white. 

lied. 

Burnt Sienna. 

Burnt Roman ochre. 

Venn i lion. 

G rem. 

Oxide of chromium. 

Indian red. 

Venetian red. 

Bin man’s green. 

Light rod. 

Terre-verte. 

Red ochre. 

Blue. 

Yellow. 

Cadmium -yellow. 

Ultramarine. 

Blue oclire. 

Leirion-yellow. 

Videt. 

Strontia-yellow'. 

Jhirplo ochre. 

Yellow ochre. 

Raw Sienna. 

Violet do Mara. 

Oxford ochre. 

Broivn. 

Roman ochre* 

Rubens’s l)rown. 

Stone ochre. 

Vandyck brown. 

Brown ochre. 

Raw umber. 

Burnt umber. 

Black. 

Cassel eartli. 

Ivory-black. 

Cologne earth. 

Lampldack. 

Bistre. 

Indiati ink. 

Sepia. 

Graphite. 

Asphalt. 
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•White lead, smalt and cobalt-blue are not affected by light, but 
are by foul air. The last two are considered permanent in water- 
(‘oloiir painting. • 

•According to Field, the tints of the following pigments are not 
affected by mixture with lime, consequently they are adapted for 
use in fresco-painting : 


White, 

Orange. 

Baryta. 

Orange vermilion. 

Pearl. 

Olirome-oraiige. 

Gypsum. 

Orange ochre. 

Pure earths. 

Jaune do Mars. 

Red. 

Vermilion. 

Burnt Sienna. 

Green. 

Terre verte. 

Red lead. 

Emerald green. 

Red ocliro. 

Mountain gn^en. 

Light red. 

Oobalt-green. 

Venetian red. 

Chrome- green. 

Indian red. 


Madder red. 

Bine. 

Yellow. 

TJltramarine. 

Smalt. 

Indian yellow. 

Cobalt. 

Yellow ochre. 

Pnrple. 

Oxford ochre. 

Madder purple. 

Roman oclirc. 

Purple ochre. 

Stone ochre. 

Brown ochre. 

Brown, 

Raw Sienna. 

Vandyck brown. 

Naples yellow. 

Rubens’s brown. 

Black. 

Raw umber. 

Burnt umber. 

Ivory-black. 

Cassel earth. 

Lampblack. 

Cologne earth. 

Black chalk. 

Antwerp brown. 

Graphite. 

Bistre. 

As the effect of light on pigments 

is a matter of considerable 

importance to artists, particularly to those working with the thin 

washes used in water-colour painting, ; 

a careful experiment on this 


G 
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matter was made by tlio present writer. The washes laid on or- 
dinary drawing-paper were exposed during the summer to sunlight 
for more tlian tlireo mouths and a half, and the eif^cts noted ; these 
were as follows : 


Water-colour Pigments that are not affected by Light: 


Red. 

Indian red. 
Light red. 

Green. 
Terre vertc. 


Orange. 

Jaune de Mars. 

Blue. 

Cobalt. 

French blue. 
Smalt. 

New blue. 


YellouK 

Cadmium-yellow. 
Yellow ochre. 
Roman ochre. 
Broion. 

Burnt umber.. 
Burnt Sienna. 


The following pigments w'erc all more or less affected ; those 
that were very little changed head the list, which is arranged so as 
to indicate the relative amounts of damage suffered, the most fugi- 
tive colours being placed at its end : 


Chrome-yellow becomes slightly greenish. 

Red lead beeomos slightly less orange. 

Naples yellow becomes slightly greenish brown. 

Raw Sienna fades slightly ; becomes more yellowish. 
Vermilion becomes darker and brownish. 

Aurcoliue fades sliglitly. 

Indian yellow fades slightly. 

Antwerp blue fades sliglitly. 

Emerald green fades slightly. 

Olive green fades slightly, becomes more brownisli. 
Hose madder fades slightly, becomes more purplish. 
Sepia fades slightly, 

Prussian blue fades somewhat. 

Hooker’s green becomes more bluish. 

Gamboge fades and becomes more grey. 

Bistre fades and becomes more grey. 

Burnt madder fades somewhat. 

Neutral tint fades somewhat. ^ 

Vandyck brown fades and becomes more grey. 

Indigo fades somewhat. 

Brown pink fades greatly. 
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Violet carmine fades greatly, becomes brownish. 

Yellow lake fades greatly, becomes brownish. 

Crimson Ukc fades out. 

Carmine fades out. 

To this we may add that rose madtler, burnt or brown madder, 
and purple madder, all, are a little affected by an exposure to sun- 
light for seventy hours. Pale washes of the following pigments 
were completely faded out by a much shorter exposure to sunlight : 

Carmine, Yellow lake, Italian pink, 

Full red, Gall-stone, Violet carmine. 

Dragon’s blood, Brown pink, 


g2 



CHAPTER VTII. 

ON THE ABNORMAL PERCEPTION OF COLOUR, AND 
ON COLOUILBLINDNESS. 

We have eoiisidored now, with some detail, the various 
ordinary modes of producing the sensation of colour ; but, 
in order to render our account more complete, it is necessary 
to touch on some of tlie unusual or extraordinary methods. 
In every <?ase examined thus far, the sensation of colour was 
generated by the action on the eye of coloured light — that 
is, of waves of light having practically a definite length. 
As colour, however, is only a sensationj and has no existence 
apart from the nervous organization of living beings, it may 
not se(?rn strange to find that it ean be produced hy white 
as well as by coloured light, or even that it can be developed 
in total darkness, witliout the agency of light of any kind 
whatever. If the eyes bo directed for a few moments to- 
ward a sheet of white paper placed on a black background 
and illuminated by sunlight, on elosing them and excluding 
all light hy the hands or otherwise, it will be found that 
the absence of the light does not at once cause the image 
of the pa])er to disappear. After the eyes are closed it will 
still he plainly visible for several seconds, and will at iirst 
be seen quite correctly, as a wdiite object on a black ground ; 
the C'olour witli some observers then elianges to blue, green, 
red, and linally back to blue, the background remaining ail 
the Avhile black. After this first stage the backgrouiul 
changes to white, the colour of the sheet of paper appearing 
blue-green, and finally yellow. Most of these colours are 
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as distinct and decided as those of natural objects. If the 
experiment be^ made for a shorter time, and under a le^ss 
brilliant illumination, the eyes being iirst well rested by 
prolonged closure, the series of colours will be somewhat 
ditferent. Fcchner, Seguin, and Ilelmholtz observed that 
the original white colour passed ra|>id1y through a greenish 
blue (Seguin, green) into a beautiful indigo-blue ; this af- 
terwaid <*hanged into a violet or rose tint, 'riiese colours 
were bright and clear, afterward followed a dirty or grey 
orange ; during the presence of this colour the background 
changed from black to white, and the orange tint altered 
often into a dirtj^ yellov^-green wliicli com}>leted the series. 
If, instead of enijiloying white, a coloured object on a grey 
ground is regarded intently for some time, tlio eyes will be 
so affected that, on suddenly removing tlie eoloui*(‘d object, 
the gi’cy ground will appear tinged with a coinplementary 




Fic, ‘26. — Disk. Blnck find 

Wliito St!Ct(»rs .for the Produc- 
tion of Hubjoctivo Colour. 


Fio. 27.— nifick jind Wliite Spiral 
on Disk, for tlu‘ Production of 
S 1 1 V/ioc ti VO ( 'olou r. 


tint ; for example, if the object be retl, the after-image will 
be bluish green. It is not necessary to dwell longer on 
those phenomena at present, as a portion of Chapter XV. 
will be especially devoted to tliom. In both the cases men- 
tioned above, the colour develops itself after the eyes are 
closed, or at least withdrawn from the illuminated surface. 
There are, however, cases w^here very vivid colours can be 
seen while the eyes are exposed to full daylight. If a disk 
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of cardboard painted with alternate white and black sectors, 
like that shown in Fig. be set in rotation .while exposed 
to full daylight, colours will be seen after a few trials. * It 
will be found that a certain rate of rotation coniiuunicates 
to the disk a green hue, a somewhat more rapid rate causing 
it to assume a rose colour. According to Ilelmholtz, these 
effects are most easily attained by using a disk painted with 
a black spiral, like that in Fig. 27. These jVlienomona may 
be advantageously studied by a method which was used by 
the author several years ago. A blackened disk Avith four 
open sectors seven degrees in width was set in revolution 
by clockwork, and a clouded sky viewed through it. With 



Fkj. 2S.~SubJcctivt>. CoIourH 
seen in Sky, with aid of 
Itotatin^ Disk. 



tatiug Disk. 


a rate of nine revolutions per second, the tvliole sky often 
appeared of a deep crimson hue, except a small spot in the 
centre of the field of view, which Avas pretty constantly yel- 
low. Upon increasing the velocity to eleven and a half 
revolutions per second, the central spot enlarged somewhat, 
and became coloured bluish green, with a narrow, faint, blue 
border, indicated by the dotted line ; the rest of the sky 
appeared purple, or reddish purple. (Sec Fig. 28.) With 
the exception of fluctuations in the outline of the spot, this 
appearance remained tolcrahly constant as long as the rate 
of revolution was steadily maintained. When the velocity 
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of the disk was increased, the bluish-green spot expanded 
• into an irregularly shaped blue-green ring, which with a 
rate of fifteen turns per second mostly filled the whole field 
of view. (8ec Fig. 20.) AVith higher rates all these ap- 
pearances vanished, and the sky was seen as with the naked 
eye.* More than one elaborate attempt hjis been made to 
found on phenomena of this class a theory of the production 
of colour, though it may easily be shown that in all such 
cases the disk really transmits not coloured hut wliite light, 
and that the effects produced are due to an abnormal state 
of the retina caused by alternate exposure to light and 
darkness. 

A current of electricity is also capable of stimulating 
the optic n(*rvc in such a tvay that brilliant colours are per- 
(*eived, althougli tlie experiment is made in perfect dark- 
ness. If the current of a strong voltaic battery be caused 
to enter the forehead, and travel hence to the hand, accord- 
ing to Ritter, a bright-green or l)riglit-blue colour is i»er- 
ceivcd, the hue depending on whether tlie positive current 
enters the liand or forehead. Helmholtz, in repeating this 
operation, was conscious simply of a wild rush of colours 
without order. The experiment is, however, interesting to 
us, as proving the possibility of the production of the sen- 
sation of colour without the presence or action ol light. 

Recently a substance has been discovered which, when 
swallowed, causes white objects to appear coloured greenish 
yellow, and coloured objects to assume new hues. l\^rsons 
under the influence of santonin cannot see the violet end of 
the spectrum ; and this fact, Avith others, proves that they 
have become temporarily colour-blind to violet. 

An observation of Tail’s, and others by the author, have 
shown that a shock of the nervous system may produce 
momentarily colour-blindness to green light. White objects 
then appear of a purplish red, and green objects of a much 


^ “American Journal of Science and Arts,’’ September, 18C0. 
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duller green hue than ordinarily.* These effects are eva- 
nescent, though quite interesting, as we shall sec presently, 
from a theoretical point of view. 

Investigations during the present century have shown 
that many |)ers()ns are horn with a deficient perception of 
colour. In some the defect is slight and hardly noticeable, 
while in others it is so serious as to lead to quite wonderfid 
blunders. This imperf‘cction of vision is often inlieritcd 
from a parent, and may be shared by several members of 
the same family. It is remarkable that women are coiri- 
paratively free from it, even when belonging to families of 
which the male imunbers ai-e thus affected. The occupations 
of women, their attention to dress and to various kinds of 
handiwork where colour enters in as an important C‘lement, 
seem to have lu’ouglit their sense for colour to a higher de- 
gree of perfection tliaii is the case with men, who ordinarily 
neglect cultivation in this direction. Out of forty-one 
young men in a gymnasium, Seebeck found five who were 
colour-blind ; but during his whole investigation he was 
able to learn of only a single case where a woman was to 
some extent similarly affecliMl. It not unfrequently happens 
that persons with this defect remain for years unconscious 
of it. Tlds was tlie case with some of the young men in- 
vestigated l)y Seebeck ; and in one I’emarkablc instance a 
bystander, in attempting to help a colour-blind person who 
was under investigation, showed that he was himself colour- 
blind, but faeIong(si to another class ! The conimoiiest case 
is a deficient perception of red. Sucli persons make no dis- 
tinction between rose-red and bluish-green. They see in 
the spectrum only two colours, which they call yellow and 
blue. Under the name yellow they include the red, orange, 
yellow, and green spaces : the blue and violet they name, 
with some correctness, 1)1 ue. In the middle of the spectrum 

* “American Journal of Science and Arts,” January, 1877. A similar 
observation by Charles Pierce was communicated to the author while this 
work was going through the press. 
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there is for tlicin a neutral or grey zone, which has no 
colour ; this, according to Prcyer, is situated near the line 
F: For the normal eye it is greenish-blue ; for them, white. 
The extreme red of the spectrum, when it is faint, they fail 
to distinguish ; tlie rest of the red space appears to them of 
a saturated but not luminous green ; tlie yellow space has 
for them, a colour which we should call bright green ; and 
iinally, they see blue in the normal manner. Maxwell found 
that T)y the aid of his disks, using only t wo colours, along 
with wliite and black, he was able, by suitable vaj*iations in 
their ])ropoi*tions, to match for tliem any colour wliicdi pre- 
sented itself ; while tlte normal eye rc(|uires at hiast tliree 
such coloured disks, besides white and 1)1 ack. llis experi- 
ments led to the result that ])(‘rsons of this class perceive 
two of the three fundainental colours which are seen by the 
normal eye. Helmholtz also arrived at the same result. It 
is possU>lc to render the noinial eye to some extent eolour- 
l>Und to red in tlie manner followed by Seebeck in 1837, and 
afterward l)y Maria llokowa. These observers wore for 
several hours s])(3cta(^]es provided M'ith ruhy-red glassies ; 
and this prolonged action of tlie rod light on the eye Iinally, 
to a considcral)lc extent, tired out the nerve librlls destined 
foi‘ t he reception of red, so that on removing the glasses tliey 
saw ill the spectrum only two colours, dive second observer 
called them yellow and blue. Furthermore, the extreme 
red end of the s|)ect rum was not visilvle to her, just as is the 
case with those who are actually blind to red ; all i’cmI ob jects 
aj)peared to her yellow, and dark red was not distinguishable 
from dark green or brown. 

Dalton, the celebrated English ehemist, svitrered from 
this defect of vision, and was the first to give an accurate 
description of it ; hence this alTection is sometimes named 
after him, Daltonism. It is very remarkable that, accord- 
ing to the observations of Schelske and Hclniboltz, even in 
the normal eye there are jvortions which are naturally colour- 
blind to red, and when this zone of the eye is used the same 
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mistake>s in matching colours are made. Such experiments 
are somewhat difficult to make without considerable prac- 
tice, as it is necessary that the colored objects should be 
viewed, not directly, but by the eye turned aside somewhat. 
There is a simple means by which persons who are colour- 
blind to red can to some extent help themselves, and prevent 
the occurrence of coarse chromatic blunders, such as con- 
fusing red with green. Green glass does not transmit red 
liglit ; hence, on viewing green and red objects through a 
plate of this glass it will be found, even by persons who arc 
colour-blind, that tlve red objects ap])ear much more dark- 
ened tlian those which are green. On the other hand, a red 
glass will cause green objects to appear darker, but will not 
affect the luminosity of those having a tint similar to itself. 
The exact tints of tin? glasses are important, and tliey sliould 
of course be selected witli the aid of a normal eye. 

The kind of coloiu*-l)liiidness just described is ratlier 
common, and it lias been estimated that in England about 
one person in eighteen is more or less afflicted wdth it. AVc 
pass on now to the consideration of a class of cases that is 
more rare. Persons belonging to this second class see only 
two colours in the spectrum, wdiich they call md and blue. 
Tliey set the greatest luminosity in the spectrum in the 
yellow space, as is done by the normal eye ; and they easily 
distingiiisli between red and violet, but confuse gree n with 
yellow and l>Ine with red. In two cases examined by Preyer, 
yellow appeared to them as a bright red ; this same observer 
also found that in the spectrum, near the line 6, the two 
colours into Avhich they divided tlic spectrum were separated 
by a small neutral zone, which was for them identical with 
grey. A sufficient number of observations have not been 
accumulated to furnish means of ascertaining with certainty 
the exact nature of the difficulty under which they labour, 
though it is probable that they are colour-blind to green 
light. There are also observations on record of cases of 
temporary colour-blindness of a third kind, where the violet 
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end of the spectrum was seen shortened to a very remark- 
able extent ; and if it should prove that the cause was of a 
ncTvous characiter, rather than due to a deeper yellow col- 
ouration of the axial portions of the retina, this would 
demonstrate the existence of violet colour-blindness. 

The subject of colour-blindness is one of considerable 
importance from a practical point of view, and this defect 
has no doubt been the occasion of railroad ae(^idents. In 
187Jl-’75 I)r. Favre, in France, examined one thousand and 
fifty railroad ofiicials of various grades, and found among 
them ninety-eight persons Avho were colour-blind — that is, 
per cent. In 1870 Professor Holmgren, in Sweden, 
examined tlic entire personnel of the Upsala-Gelle line, and 
out of two hundred and sixty-six persons ascertained that 
thirteen wore colour-blind. These were found in every 
grade of the service, many of them being required daily to 
make use of coloured signals. It is singular that in no case 
had there been previously any 8us})icion of the existence of 
the defect. For further information with regard to the 
practi(?al side of this matter, the reader is referred to thci 
essay of Holmgren, which will be found in the Smithsonian 
Report for 1877 : a French translation also exists. 

In concluding this subject, it may not be amiss to allude 
to the very remarkable case described by lluddart, of a 
shoemaker, an intelligent man, where only a trace of the 
power to distinguish colours seemed to remain.'^ According 
to the observations, he was colour-blind to both red and 
green, and in general seems to have had hardly any pcrcej)- 
tion of colour, as distinguished from light and shade. Curi- 
ously enough, recent observations of Woinow show that 
even in the normal eye there is a condition like this at the 
farthest limit of the visible held of view ; here all distinc- 
tions of colour vanish, and objects look merely white or 
black, or grey. It is probable that between the case of 


* “ Philosophical Transactions,” Ixvii. 
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Harris, just mentioned, and that of a normal eye possessed 
of tlie maximum power of perceiving and distinguisliing 
colours, a great number of intermediate gradations will be 
found to exist. Slight eliromatic dc^fects of vision generally 
3'i‘cciv(‘ no attention, or are explained in some other way. 
The writer recalls tlie case of an excellent pliysicist who 
for niMTiy years had a half suspicion that he was to some 
extent colour-blind, but rather preferred to explain the dis- 
crepancies by tlie as.SMm|>tion of a dilferenee in nomencla- 
ture. Taking up the matter at last seriously, he made an 
inv(istigation of his own case, and found that he actually 
was to some ext(Mit colour-hlind to red. It has been sug- 
gested tliat the v^ery inferior colouring of some otherwise 
great artists can be accounted for l>y supposing tliom to 
have been aireeted with partial colour-hlindness ; this idea 
is plausible, but, as it a]»pears to us, totally without proof. 
There are gi’cat n umbers of persons who arc able to hear 
distinctly all the notes employed in music, who yet. Iiave no 
talent for it and no enjoyment of it. On the other hand, 
we km)w of cases of ]>ei‘sons who from infancy have been 
afflicted with partial deafness, and have nevertheless been 
musicians, and even composers. It is the same in painting 
as in music : the possession of a perfect organ is not by any 
means tlie first necessity, and it can be proved that even 
artists who are actually colour-blind to red may still, with 
hut sliglit external aid, produce paintings which are univer- 
sally prized for their beautiful colouring. Their field of 
operations i>s of (;oursc more restricted, and they are com- 
jiclled to avoid certain eliromatic comhinations. During 
tlie evening, by gas- or lamp-light, Ave are all somewhat in 
the coiidition of persons Avho are colour-blind to violet ; but 
yet, with precautions, and some patience, it is possible to 
execute works in colour, even at this time, which afterward 
stand the test of daylight. It would appear probable, then, 
that the difficulty with the inferior colourists above alluded 
to was not so much anatomical or physiological as psychical. 
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According to a theory recently proposed by Hugo Mag- 
nus, our sense for colour has been developed during the last 
faur or five thousand yeans ; previous to this period it is 
assumed that our race was endowed only with a perception 
of light and shade, Tlie evidence which is offered is of a 
philological character, and tends to show that the ancients 
either distinguished or described colours less accurately 
than tlie moderns. The same kind of reasoning might be 
applied to proving that children at the present day have 
but little power of distinguishing tints, as they usually 
scarcely notice any biit the most intense colours. When, 
however, we study the prehistoric races at present existirig 
on the globe, and living in the same style as their ancestors, 
we find til cm quite capable of discriminating colours, and 
often very fond of them. Going many steps lower, we 
meet with animals that have the power of perceiving and 
even imitating a series of colours with accuracy. This is 
the case with the chameleon, as shown liy V. Bert, and also, 
according to Pouchet and A. Agassiz, with certain kinds of 
flounders. The skin of the chameleon is provided with an 
inimense number of minute *sacs filled with red, yellow, and 
black liquids ; the animal has the pow(‘r of distending tliese 
star-like vesicles at pleasure, and thus adjusts its colour in 
a few minutes (after a series of ti'ials) so as to match that 
of the surface on which it is placed. Its chromatic scale 
covers red, orange, yellow, and olive-green, and tlie mix- 
tures of these colours with black, which includes of course 
an extensive series of browns. The olive-green is made by 
distending the yellow and black sacs, the eifect being simi- 
lar to that obtained by combining a black and yellow disk. 
(See Chapter XII.) 

Corresponding to this, A. Agassiz has often noticed, 
when a young flounder was transferred from a jar imitating 
in colour a sandy bottom to one of a dark-chocolate hue, 
that in less than ten minutes the black-pigment cells would 
obtain a great preponderance, and cause it to appear wholly 
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unlike the yellowish-grey speckled creature which a few 
moments before had so perfectly simulated the appearance 
of sand. When removed to a gravelly bottom, the spQts 
on the side became prominent. 

If our sense for light and shade is old, but that for 
colour recent and still undergoing development, wo should 
perhaps expect tliat it would require more time to recog- 
nize colour than appearances dependent simply on light 
and shade ; but, according to the experiments of the writer, 
forty billionths of a second answers as well for one as for 
the other act of perception.* 

In closing this chapter, it may be well to mention a very 
simple but beautiful experiment, by which we all can easily 
place ourselves in a condition somewhat like that of Harris, 
where all or nearly all seiusation of colour had vanished. 
If some carbonate of soda be ignited in the flame of a Bun- 
sen burner, it will furnish an abundance of pure homoge- 
neou»s light of an orange-yellow hue. This light is quite 
bright enough to illuminate objects in a darkened room, 
but all distinctions of colours vanish, light and shade only 
remaining. A red rose exhibits no more colour than its 
leaves ; gayly painted strips of paper show only as black or 
white or griiy ; their colours can not even be guessed at. 
The human face divested of its natural colour assumes an 
appearance which is repulsive, and the eye in the absence 
of colour dwells on slight defects in the clearness and 
smoothness of the complexion. If now an ordinary gas- 
burner be placed near the soda flame, and allowed at first 
to burn with only a small flame, objects will resume their 
natural tints to some slight extent, and begin again faintly 
to clothe themselves with pleasant hues, which will deepen 
as more light is furnished, till they finally seem fairly to 

* The amount of time necessary for vision. “ American Journal of Sci- 
ence,'’ September, 1871. 
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glow with radiant beauty. Those who have never wit- 
nessed an experiment of this kind have but little conception 
how great would be to us the loss of our sense for colour, 
or how dreary the world would seem, divested of the fasci- 
nating charm which it casts over all things. 


APPENDIX TO OlIAPTEPw VIIL 

Maxwell has published an account of his rather elaborate 
examination of the case of one of his students, who was colour- 
blind to red.* An apparatus was employed by which the pure 
colours of the spectrum could be mixed in any proportion ; these 
colours were then mingled by the colour-blind person, in such a 
|)roportioii as to produce to his eyes the effect of wliite. In this 
way the following ecpiation was obtained : 83*7 green -h 33*1 blue 
= white. Maxwell then, employing the same colours, obtained his 
own or a normal equation, which was: 20 green -h 37*1 blue -h 22*0 
red = white. If w^e combine these equations by subtraction, we 
obtain: 22*6 red — 7*7 green + 4*3 blue = D ; D being the missing 
colour not perceived by the colour-blind. The sensation, then, 



Fio, 80. — Curves of a Colour-blind Person. (Maxwell.) 

which Maxwell had in addition to those of the colour-blind person 
was somewhat like that of a full red, hut different from it in that 
the full red Tvas mixed with 7*7 green, wbioh bad to bo removed 
from it, and 4*8 of blue substituted. The missing colour, then, ac- 
cording to this experiment, was a crirnson-red. Even normal eyes 
vary a little, and, if this examination had been made by Maxwell’s 


* “ Philosophical Transactions ” for 1860, vol. cl., p. 78. 
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assistant (observer K), tlie result would have been a red mixed witli 
loss blue, consequently a colour miicli more like the red of the 
spectrum. From ex])eriinents of this kind Max\tcll was able to 
construct the cAirves of intensity of the two fundamental colours 
wliich arc perceived hy those who arc colour-blind to red; llicse 
curves are shown in Fig. 30. The letters A, B, 0, 1), etc., maj*lv 
the positions of the fixed lines in the solar spectrum; the curved 
line marked OR exhibits the intensity of the green element, the 
line marked IlL that of the bine or violet. It will be noticed that 
the green sensation attains its maximum about Inilf wa^ between 
the lines D and E, that is, in the yellowish green ; while the liigh- 
est point of tlie other curve is about half way between F and (i, 
that is, in the blue space. Maxwell also constrncte<l similar inten- 
sity curves for a normal eye: tlic}" are represented in Fig. 31, the 
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Fig. 81, — Curves of ^^ormal Eye. (Maxwell.) 


curve for red being indicated by a heavy lino, the otlicrs as aliove. 
The green and blue curves have about the same (lis})osjtion as with 
the colour-blind person, while the red attains its maximum between 
C and I>, but nearer D — that is, in the red-orange space. 

A set of observations was also made by Maxwell on the same 
coloui -blind gentleman, with the aid of coloured disks in rapid ro- 
tation ; and, from the colour eipiations thus obtained, the positions 
of the colours perceived by him were laid down in Newton’s dia- 
gram, in a manner similar to that explained in the appendix to 
Chapter XIV. In Fig. 32, V shows tlie position assumed for red 
or vermilion; U, that of idtramarine-blue; and G, that of emerald- 
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green. They are i^laced according to MaxwelFs method, at the 
tliree angles of an equilateral triangle. W would bo tlie position of 
white for a normal eye, and Y that of chrome-yellow. D is the 
position of the defective colour, which Maxwell was able to imitate 
by mingling, l)y the method of rotating disks, 86 parts of vermilion 
and 14 of nltramarine-bhie. A line drawn from I) througli W coii- 
tains along its length the various shades of grey and the white of 
the colour-blind. The grey which they perceive wlien green and 
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bine are mi.\<Ml lies at?r; the white of white paper, i. e., a more 
luminous grey, was on the same lino but considerably farther alung 
outside. 

It may perhaps lx? as well to add to the above one or two re- 
niarks concerning the construction of Newton’s diagram for the 
eolour-hlind. Let ns suppose that the ]>ure colours of tlie speetruin 
are employed, and tliat tljo missing colour is tljo fundamental red; 
we then jdace tlie fiindamerital green at (i, Fig. 83, tlie fundamental 
blue or violet at TJ, and tlie missing red at 1). Then along the line 
L G- will lie mixtures of blue and green, and at, w will he the wliitc 
of the colour-blind person. Along the line DG will be situated 
various shades of green, from dark green to bright green, the latter 
colour predominating as we approach G. Along the line 1) U we 
sliall have various shades of blue, from bright blue to dark blue, 
the colour being very dark near I) and very briglit near U. A line 
like the dotted one (Fig. 33} will contain various shades of green, 
from light green to dark green, but none of them so intense as 

II 




Fki,-‘? 2, — iVowtoirs DiM^ram far a Porsoii 
Colour-blinil to Ue-l. (Maxwi?!!.) 
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those situated along the line DO; in other words, they all will be 
mingled with what the colour-blind call white. 

If the defective colour-sensation is supposed sdll red, but to be 
only partially absent, the diagram takes the form indicated in Fig. 34 ; 
that is, red, instead of occupying tlie position at one of the angles 
of an equilateral triangle, will be moved up toward tlie centre to K'. 
White will also bo shifted from W to and the wliite of a person 
thus affected would appear to the normal eye of a somewhat green- 
ish-blue hue. Between 1) and R' lie, so to speak, mixtures of red 
with darkness, and along the line R' G will be various mixtures 
of red and green, in which, according to a normal eye, the green 
element quite predominates ; that is to say, their orange is more 


& 



ftoii partially Colour-blind to Xiod. 


G 



like our yellow, their yellow like our grcenisli yellow, etc. Along 
the line R' U will be their mixtures of red and blue, or a series of 
purples, which will be more bluish than ours. 

The coudition of the normal eye by lamp-light is shown in Fig. 
35. The blue or violet is moved from TJ, its position by daylight, 
up to u ; wliite is moved from W to w — tJiat is, into a region that 
wmuld bo called by daylight yellow. Yellow itself, Y, is not far 
from this new representative of white, and consequently by candle- 
light appears always whitish. In the purples, along the line R ?/, 
the red element predominates; and in tlie mixtiircs of green and 
blue, along the line G v, the green eonstituent lias the upper baud. 

If wo were colour-blind to every kind of light except rod, then 
the colour diagram would assume a form similar to that show'U in 
Fig. 36, 1) re])resenting the darkest red ]>erceptible to eyes so consti- 
tuted. This sensation would be brought about by pure feeble red 
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light*, or by a mixture of intense green and blue light, or by either 
, of the latter. As we advance from D toward R, the red light 
gains in brightneiss, and out at w becomes very bright and stands 
for white. When a red glass is held before the eyes, something 
approximating to this kind of vision is produced. 

& 

A 



Fig. SO.—Nowton's Diagram for Persons Colour-Wind to Green and Violet. 



CHAPTER IX. 

THE COLOUR THEORY OF YOUNG AND HELMHOLTZ. 

It is well known to painters that ap})roxirnato represen- 
tations of all colours can be produced by the use of viny 
few pigments. Three pigments or coloured powders will 
suffice, a red, yellow, and a blue ; for example, crimson- 
lake, gamboge, and Ihaissian blue. The red and yellow 
mingled in various proportions will furnish dillerent shades 
of orange and orange-yellow ; the blue and yellow will 
give a great variety of greens ; the red and blue all the 
purple and violet hues. There have been instances of 
painters in water-colours wlio used only these three pig- 
ments, adding lampblack for the purpose of darkening them 
and obtaining the browns and gri^ys. Xow, tliough it is 
not possible in this way to obtain as brilliant represen tati ves 
of the hues of nature as with a less economical palette, yet 
substitutes of a more or less satisfactory character can actu- 
ally be produced in this manner. These facts have been 
known to painters from the earliest ages, and furnished the 
foundation for the so-called theory of three primary colours, 
red, yellow, and blue. The most distinguished defender in 
modern times of this theory w^as Sir David Rrewster, so 
justly celebrated for his many and brilliant optical discov- 
eries. He maintained that there wei*e three original or fun- 
damental kinds of light, red, yellow, and blue, and that by 
their mixture in various proportions all other kinds of col- 
oured light were produced, in the manner just described for 
pigments. Brewster in fact thought he had demonstrated 
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the existeiToe in the spectrum itself of these three sets of 
'fnndaTnental rays, as well as the absence of all others ; and 
his great reputation induced most physicists for more than 
twenty years to adopt this view, Airy, Melloni, and Draper 
alone dissenting. Tins theory of the existence of three 
liin<laTruaital kinds of light, red, yellow, and ))]ue, is found 
in all except the most recent text books on physics, and is 
almost universally believed by artists. Nevertheless, it 
will not be didicult to show that it is quite without founda- 
tion. If we look at the matter from a theoretical point of 
view, we reach at once tlio coTiclusion that it can not ho 
true, because outside of ourselves there is no sucli thing as 
colour, which is a mere sensation that varies with the 
length of the wave producing it. Outside of and apart from 
ourselv<%s, light consists only of waves, long and short — in 
fact, of more mechanical movements ; so that J^rewster’s 
llieory w^ould imply that there were in the spectrum only 
tliree sets of Avaves having three dilferent lengths, which 
we know is not the case. If wc take up tlie matter experi- 
mentally, Ave meet Avitli no better result, Ac(‘ording to the 
theory now under consideration, green light is i)roduced by 
mixing blue and yellow light. This point can be tested 



Fkj. 37.— Maxwofl’fi Disks. Bliio and A’^ellow Disks in tlio Act of boiuj? combined. 

wdth MaxAvell’s coloured disks. A circular disk, painted 
witli chrome-yelloAV and provided Avith a radial slit, is to be 
combined with one prepared in the same way and painted 
wdth ultramarine-bhie. Fig. 37 shows the separate disks, 
and in Fig. 38 they are seen in combination. If the com- 
pound disk be now" set in quite rapid rotation, the tAvo kinds 
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of coloured light will be mingled, and the resultant tint can 
be studied. It will not be green, but yellowish grey or 



Fig. 89.~Blue and Yellow Disks in Combination. 


reddish grey, according to the proportions of the two col- 
ours. These disks of Maxwell are ingeniously contrived so 
as to allow the experimenter to mingle the two colours in 



Fig. 89.-*~Api)aratu8 of Lambort for mixing Coloured Light. 


any desired proportion ; but, vary the proportions as we 
may, it is impossible to obtain a resultant green hue, or in 
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deed anything approaching it. Another way of making 
this experiment is simply to use a fragment of window-glass 
of good (juality, as was done by Lambert and Helmholtz, 
This apparatus is shown in Fig. 39. The glass is supported 
in a vertical position about ten inches above a board painted 
l>lack, and on either side of it are placed the coloured 
papers. The blue paper is seen directly through the glass, 
wliile the light from the yellow paper is first reflected from 
the glass and then reaches the eye. The result is that the 
two images are seen superimposed, as is indicated in Fig. 
40. The relative luminosity or briglitness of the two im- 
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Fio. 40. — Result fiirnlshod by the Apparatus. 


ages can be varied at will ; for instance, moving the papers 
further apart causes the blue to predominate, and bringing 
them nearer together produces the reverse effect. In this 
manner the resultant tint may be made to run through a 
variety of changes, which will entirely correspond to those 
obtained with the two circular disks ; but, as before, no 
tendency to green is observed. Ilelmlioltz has pushed this 
matter still further, and has studied the resultant hues pro- 
duced by combining together the pure colours of the spec- 
trum. The following experiment, which is easy to make, 
will give an idea of the mode of proceeding : A blackened 
screen of pasteboard is pierced with two narrow slits, ar- 
ranged like those in Fig. 41. The light from a window is 
allowed to shine through the two slits and to fall on a prism 
of glass placed just before the eye, and distant from the 
slits about a metre. Then, as would be expected, each slit 
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furnishes a prismatic spectrum, and owing to the disposition 
of the slits, the two spectra will overlap as shown in Fig. 
42, which represents the red space of one spectrum falling 



Fig. 41. — 'I’wo Slit.s arranged for rtiixing Tnvo Sj[)ectr:i. 

on the green space of its companion. . By moving the slits fur- 
ther apart or nearer together, all the different kinds of light 
w4iich the spectrum contains may thus be mingled. Using 
a more refined apparatus, Helmholtz proved tliat the union 
of the pure blue witli the pure yellow^ light of the spectrum 
produced in tlie eye the sensation, not of green, but of 
white light. Other highly interesting results w’ere also 
obtained by him during this investigation ; these will be 



Fig. 42.— Two Overlapping Spectra, lied and Green are mixed, also Violet and Blue, etc. 

considered in the folloAving chapter, but in the mean while 
it is evident that this total failure of blue and yellow^ light 
to produce by their mixture gi'een light is necessarily fatal 
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to the hypothesis of Brewster. Helmholtz also studied the 
nature of the , appearances whieli misled the great English 
optician, and showed that they were due to the fact that he 
had employed an impure spectrum, or one not entirely free 
from stray white light. 

As has been remarked above, tliere can be in an objec- 
tiv^e sense no sucli thing as thi’ee fundamental colours, or 
three primary kinds of coloured liglit. In a totally differ- 
ent sense, however, something of this kind is not only pos- 
sible, but, as the recent advances of science show, highly 
prol)able. AVe have already seen in a previous chapter that 
in the solar spectrum the eye can distinguish no less than 
a thousand different tints. Every small, minute, almost 
invisible portion of the retina of the eye possesses this 
[)Ower, wbich leads us to ask wliether each atom of the ret- 
ina is supplied with an immense number of nerve fibrils for 
the reception and conveyance of this vast number of sensa- 
tions, The celebrat(‘d Thomas Young adopted another 
view^ : according to him, each minute elementary portion of 
the retina is capable of receiving and transmitting three 
different sensations ; or we may say that each elementary 
portion of its surface is supplied with three nerve fibrils, 
adapted for the reception of three sensations. One set of 
these nerves is strongly acted on by l()ng waves of light, 
and produces the sensation w e call red ; another set re- 
sponds most powerfully to waves of medium length, produc- 
ing the semsatidn wdiich we call green ; and finally, the third 
set is strongly stimulated by sbort waves, and generates 
the sensation knoAvn as violet. The red of the spectrum, 
then, acts powerfully on the first set of these nerves ; hut, 
according to Young’s theory, it also acts on the twuj other 
sets, hut wdth less energy. The same is true of the green 
and violet rays of the spectrum : they eacli act on all three 
^^ets of nerves, but most powerfully on those especially 
designed for their reception. All this will be better un- 
derstood by the aid of the accompanying diagram, which is 
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taken from Helmholtz’s great work on Physiological Op- 
tics.” In Fig. 43, along the horizontal lines 1, 2, 3 are 



Fio. 43. — Curves showiiiff the Action of the Diirorcnt Colours of the Spectrum on the 
Three Sets of Nerve Fibrils. (Ilelrnholtz.) 


placed the colours of the spectrum properly arranged, and 
the curves above them indicate the degree to which the 
three kinds of nerves are acted on by these colours. Thus 
we see that nerves of the first kind are powerfully stimu- 
lated by red light, are much less alfected by yellow, still 
less by green, and very little by violet light. Nerves of 
the second kind are much aftected by green light, less by 
yellow and blue, and still less by red and violet. The third 
kind of nerves answer readily to violet light, and are suc- 
cessively less affected by other kinds of light in the follow- 
ing order : blue, green, yellow, orange, red. The next 
point in the theory is that, if all three sets of nerves are 
simultaneously stimulated to about tlie same degree, the 
sensation which wc call wdiite will be produced. These are 
the main points of Young’s theory, wdiich was published as 
long ago as 1802, and more fully in 1807. Attention has 
within the last few years been called to it by Helmholtz, 
and it is mainly owing to his labours and those of Maxwell 
that it now commands such respectful attention. Before 
making an examination of the evidence on which it rests, 



THE COLOUR TUEORY OF YOUNG AND IIELMUOLTZ. 115 


and of its applications, it may be well to remember, as 
Helmholtz romarks, that the choice of these three 2:)articular 
colours, red, green, and violet, is somewhat arbitrary, and 
that any three could be chosen which when mixed together 
would furnish white light. If, however, the end and mid- 
dle colours of the spectrum (red, violet, and green) are not 
selected, then one of the three must have two maxima, one 
in the red and the other in the violet ; which is a more 
complicated, but not an imj)ossible suj^position. The only 
known method of deciding this point is by the investigation 
of those persons who are colour-blind. In the last chapter 
it was shown that the most common kind of this affection 
is colour-blindness to red^ which indicates this colour as 
being one of the three fundamental sensations. But, if we 
adopt red as one of our thi*ee fundamental colours, of 
necessity the other two must be green and violet or blue- 
violet. Red, yellow, and blue, for cxarnj)le, will not i)ro- 
duce white light when mingled tog(‘ther, nor will they 
under any circumstances furnish a green. Red, orange, 
and blue or violet would answer no better for a fundamental 
triad. In the preceding chaj)ter it was also shown that 
colour-blindness to green exists to some extent, though by 
no means so commonly as the other case. Hence, thus far, 
the study of colour-blindness has furnished evidence in 
favour of the choice of Young, and its j)hcnomena seem 
explicable by it. 

Let us now examine the explanation which the theory 
of Young furnishes of the j^roduction of the following 
colour-sensations, which are not fundamental, viz. : 


Orange-red. 

Red-orange. 

Orange-yellow. 


Yellow. 

Greenish-yellow. 

Yellowish-green. 


Bluish-green. 

Cyan-blue.* 

U1 1 rainarine-bl ue. 


Starting with yellow, we find that, according to the theory 
under consideration, it should be produced by the joint 


* Cyan-blue is a greenish-blue. 
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Stimulation of the red and green nerves ; consequently, if 
we present simultaneously to the eye red and green light, 
the sensation produced ought to be what we call yellow. 
This can be most perfectly accomplished by mixing the red 
and green light of the spectrum ; it is possible in this way 
to produce a fair yellow tint. The method of rotating 
disks furnishes, wlien emerald-green and vermilion are em- 
ployed, a yellow which appears ratlier didl for two reasons : 
first, because tlie pigments which we call yellow, such as 
clirome-yellow or gainbogt*, are, as will hereafter be shown, 
relatively more brilliant and luminous than any of the red, 
green, blue, or violet pigments in use ; so that these bright- 
yellow pigments vStand in a separate class by themselves. 
This circumstance influences our judgment, ami, tinding tlie 
resultant yellow far less brilliant tlian our (false) standard, 
chrome-yellow, we arc disappointed. The second reason is, 
that green liglit stimulates, as before mentioned, the violet 
as well as tlie green nerves ; hence all three sets of nerves 
are set in action to a noli(*eabIe extent, and the sensation of 
yellow is mingled with that of white, and consequently is 
less intense than it otherwise would be. When the green 
and red of the spectrum are mingled, wo have at least not 
to contend with a false standard, ami only the second reason 
comes into play, and causes the yellow thus produced to 
look as thougli mingled v ith a certain quantity of white. 
It was fonnd hy the lamented J. J. M tiller that green light 
when mingled with any other coloured light of the spec- 
trum diminished its saturauon, and caused it to look as 
though at the same time some white light had been added. 
Tills is wbat onr fundamental diagram (Fig. 4.->) would lead 
ns to expect ; it is quite in consonanc/c with the theory of 
Young and Helmholtz. 

Having now accounted for the fact that the yellow pro- 
duced by mixing red and green light is not particularly 
brilliant, it will be easy to show how several of the other 
colour-^sen8ations are generated. If, for instance, we dimin- 
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isli the intensity of the green light in the experiment above 
mentioned j the resultant hue will change from yellow to 
orange, red-orange, orange-red, and finally to pure red, 
''Jliese changes are bcvst followed by using the coloure<i 
light of the spectrum, but may also be traced by tlie help 
of Maxwell'S disks (Fig. ^38), or by the aid of the glass 
plate of ITelmholtz (Fig. :39). On the other hand, if, in 
the experiment now under consideration, the green light be 
made to preponderate, the resultant yellow hue will pass 
into greenish yellow, yellowisii green, and finally green. 
This accounts for the production ol* more than half the col- 
our-sensations in the list above given, and the remaining 
ones, such as ultramarine, cyan-blue, and bluish green, can 
be produced in the same way by mingling in proper pro- 
portions green and violet light, using any of the methods 
above mentioned. 

In the eases tlius far considtu'ed we have ju’esented to 
the eye mixtures of two dilfereut kinds of coloured light, 
or, to speak more accurately, two kinds of liglit diiforing in 
wave-length ; it now, remains for us to account for tbe pro- 
duction of colour-sensations in those eases wliere the eye is 
acted on only by 07ie kind of coloured light, or by light 
having one wave-length. In the case of red, green, or vio- 
let light, the explanation of course lies on the sui'face : the 
red light stimulates powerfully the red nerves and ]>roduces 
the sensation we call red, and so of the otliers. Ihit tliis 
does not quite exhaust the matter ; for, according to tlie 
theory of Young and Helmholtz, this same rod light also 
acts to sonu^ extent on the green and violet nerves, and si- 
multaneously produces to some small degree the sensations 
we call green and violet. The result then, according to the 
theory, ought to be the productic)n of a strong red sensa- 
tion, mingled with much weaker green and violet sensa- 
tions ; or, in other words, even Avhen the eye is acted on by 
tbe pure red light of tlie spectrum, this red light ought to 
appear as though mingled with a little white light, even if 
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none is actually present. Experiment confirms this theo- 
retical conclusion, and here again decides in favour of the 
correctness of our theory. The simplest way of making 
the experiment would he to temporarily remove, were it 
possible, the green and violet nerves from a portion of the 
retina of the eye, and then to throw on the whole retina the 
pure red light of the spectrum. This red light ought then 
to appear more intense and saturated when falling on the 
spot from which tlie green and violet nerves ha<l been re- 
moved than when received on the rest of the retina, where 
all three kinds of nerves were present. Now, though wo 
can not actually remove the green and violet nerves from a 
spot in the retina, yet we can l>y suitable means tire them 
out, or temporarily exhaust them, so that they become to 
a considerable extent insensitive. If a small spot of the 
retina be exposed for a few moments to a mixture of green 
and violet light so combined as to appear bluish green, the 
green and violet nerves wdll actually become to a consider- 
able extent inoperative ; and, when the eye is suddenly 
turned to the red of the spectrum, this spot of the retina 
will, if we may use the expression, experience a more 
powerful and purer sensation of red than the surrounding 
unfatigued portions, where the red will look as if diluted 
with a certain amount of white light. From this experi- 
ment of Helmholtz it appears, then, that it is actually pos- 
sible to produce by artificial means colour-sensations which 
are more poAverful than those ordinarily generated by the 
light of the spectrum — a point to which Ave shall return in 
the following ehapter. 

Having accounted now for the production of the colour- 
sensations red, green, and violet by red, green, and violet 
light, and noticed an interesting peculiarity connected with 
this matter, Ave pass on to the others. Taking up the yel- 
low of the spectrum, Ave find that it can be produced by the 
action on the eye of Avaves of light intermediate in length 
between those which give the sensations red and green. 
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Tiiese waves are too short to act very powerfully on the 
red nerves, and too long to set into maximum activity the 
green nerves, hut they set both into moderate action ; the 
result of this joint action of the two sets is a new sensation, 
which we call yellow. Furthermore, it may be remarked 
that the waves of the light called yellow are far too long to 
produce any but a feeble effect on the violet nerves ; they 
affect them less than green light does. From this it results 
that the sensation of yellow, when directly produced by 
the yellow light of the spectrum, is less mingled with that 
of Avhite, and is purer than is the case when it is brought 
about by mixing red light with green in the manneu’ before 
described. And this explanation may serve to account for 
the fact that it is impossible, by mixtures of red and green 
light taken from the spectrum, to produce a yellow light as 
pure and brilliant as the yellow of the spectrum. Let us 
suppose, in the next place, that, instead of presenting to 
the eye the yellow of the s{)ectrum, we act on it by the 
light belonging to one of the other spaces — the blue, for 
example. The explanation is almost identical with that 
just given for the yellow : the Avav(‘S constituting blue light 
being too short to powerfully affect the green nerves, and 
too long to accomplish this with the violet nerves, both 
green and violet nerves arc moderately aff'ccted, giving the 
sensation we call blue. Meanwhile the blue light })roduces 
very little action on the red nerves, and hence very little ot 
the sensation of white is mingled with that of blue ; and 
consequently this blue hue is more saturated than when 
produced by the actual mixture of green and violet light. 
In fact, J. J. Muller found that green light, wdien mingled 
w ith light from any other part of the spectrum, produced a 
hue which was less saturated and more whitish than the 
corresjionding tint in the spectrum w^hich the mixture imi- 
tated. The production of all the other colour-sensations 
obtained by looking at the spectrum is explained in the 
same way l)y our theory. From all this one interesting 
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conclusion can be drawn, viz. : that there are tw<3|^istinct 
ways of producing the same colour-sensation ; for we have 
seen that it may be accomplished either by presenting to 
the eye a mixture of green and violet light, or simply one 
kind of light, the waves of which are intermediate in length 
betAveen those of green and violet. The eye is quite unable 
to detect this diltereiice of origin, although a prism reveals 
it instantly. 

Having examined thus, with a degree of detail which 
may have seemed tedious, the mode in which colour-sensa- 
tions are accounted for by the theory of Young and Helm-, 
holtz, we pass to another point. In order to give more 
exacitm^ss to this theory, it is necessary to delim? with some 
degree of accuracy the three fundamental colours ; for there 
is a great variety of reds, greems, and violets. Helmholtz, 
as the result of his first invcKstigation, selected a red not far 
from the end of the spectrum, a full grecii and violet ; in 
other words, the tints chosen wei'e the middle aiid end cob 
ours of the spectrum. Maxwell, who made a scries of beau- 
tiful researches on points connected Avith Young’s theory, 
WMS led to adopt as the fundamental colours a red wdiicb in 
the spectrum lies between the fixed lines C and J), and is 
distant from C just one third of the distance between C 
and 1>. This is a scarlei-red Avitli a tint of orang(>, and is 
represented by some varieties of vermilion. His green is 
situated between E and h\ being distant from K by one 
quarter of the distance bctw(?cn E and F. This colour 
finds among pigments an approximate representative in 
emerald -greeri. Instead of adopting a full violet, Maxwell 
selected a violet-blue midw^ay between tlie lines F and (I, 
w^hieh is represented tolerably by artificial ultramarine-blue. 
By Subjecting the results of experiments on the spectrum 
to calculation, it is possible to fix on the position of one of 
the fundamental colours, viz., the green. Thus Charles S. 
Pierce, using data given in Maxwell’s paper, obtained for 
this colour a slightly different result from that just men- 
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tioned.*** According to his calculations, the fundamental 
green has a wave-length of 524 ten-millionths of a milli- 
metre, and is situated between the lines E and 6, being one 
third of the distance E b from E, whereas Maxwell’s green 
is just beyond b, J. J. Muller, wlio conducted an impor- 
tant investigation on this subject by a quite different meth- 
od, arrived at a somewhat different result for the position 
of the gi’een, and assigned to it a wave-length of 50G*o ten- 
millionths of a millimetre. This position in the spectrum 
is nearer the blue than the positions given by Maxwell ajid 
‘Pierce, and the tint is more of a bluish green. Again, von 
pezold, basing his calculations on the experimental results 
of Helmholtz and J. J. Muller, reached a conclusion not 
dift'criiig much from those of Maxwell or Pierce. He se- 
lects a green in tlie middle of tlie normal spe(4rum between 
E and b^ but nearer h. None of these results differ very 
greatly; in fact, the differences can hardly be well indicated 
in a spectrum of the size of this page. All these greens 
may be imitated by using the pigimmt known as emerald- 
green, alone or mixed either witli a small (juantity of 
chrome-yellow or cobalt-blue. Hence all tliese green hues 
lire of the most powerful or, as artists would say, over- 
l^owering cliaracter. 

The exact determination of the other two fundamental 
colours is a more difficult matter, so that even the advocatewS 
of Young’s theory have not entirely agreed among tliem- 
selves upon the exact colours, Maxwell taking ultramarine- 
blue, HeJniJ)oltz and d. J. Miiller violet, as tlu^ tliird funda- 
mental. These fundamental colours are among the most 
saturated and intense of those furnished by the spectrum, 
Compared with them, the blue of the spectrum is a feeble 
tint, so that it lias often b(‘.cn remarked by Kutherfurd tliat, 
in comparison whh the other colours, it a])pears of a slaty 
hue. The greenish yellow is also feeble ; and, as is Avell 

^ “Proceedings of the American Academy of Arts and Sciences, 1873.’* 

[ 
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known, pure yellow is found in the spectrum in very small 
quantity and of no great intensity. The OTange-yellow is 
also much weaker than the red, and the orange only be- 
comes strong as it approaches redness in hue. From this it 
very naturally follows that, if a normal spectrum is cast on 
a Mhite wall in a room not carefully darkened, scarcely 
more than the three fundamental colours will be discerned, 
red, green, and blue- violet ; the other tints can with some 
difficulty be made out, but at first sight they strike the un- 
prejudiced observer sini|)ly as tlie places where the three 
principal colours blend together. The r(‘presentatives of 
the fundamentals among pigments are also tliose which 
surpass all others in strength and saturation. One of the 
fundamental colours, red, is used without much difficulty in 
painting and decoration ; the other two are more difficult 
to manage, particularly the green. The last colour, even 
when subdued, is troublesome to handle in painting, and 
many artists avoid it as far as possible, or admit it into 
their work only in the form of low olive-greens of various 
shades. Wlien the tint ai)proachcs the fundamental green, 
and is at tl)e same time bright, it becomes at once harsh 
and brilliant, and the eye is instantly arrested by it in a 
disagreeable maimer. 


NOTE TO CUAPTER IX. 

Youno docs not appear to bo tlio first who proposed red, green, 
and violet as the three fimdumental colours. As far back as 1792 
Wiinsch was led to the same result by bis experiments on mixtures 
of the coloured rays of the spectrum. The title of his work is 
‘‘Versuclio und Reohaclitungen iiber die Farben des Liclites” 
(Leipsic, 1792). An abstract of the contents is contained in the 
“ Annalos de Chimie,’' LXIV., 185. 

A. M. Mayor lias recently called attention to the way in which 
Young was led to adopt red, green, and violet as the three funda- 
mental colours, and has shown that Young at first “ selected red 
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yellow, ami blue as the three simple colour-sensations; second, that 
he siibse(iuently ^modified his hypothesis, and adopted red, green, 
and violet as the three elomentai'y colour-sensations, showing that 
uj) to the date of tliis change of opinion all of his ideas on tlie sub- 
jecTj were hypotlietical, and not based on any observations of his 
own or others; tliird, that this change of opinion as to the three 
elementary colours was made on the basis of a misconception by 
Wollaston of the nature of Ids celebrated observation of the dark 
lines in the solar spectrum, and also on the basis of an erroneous 
ol)servation made by You ug in repeating Wollastoirs experiment; 
fourth, tliat Young suhsctpiently tested his liypothesis of colour- 
sensation, and f(jund tliat it was in accord with facts reached by 
exiieriinent, and that these experiments then vindicated his hy- 
]>othesis and raised it to the dignity of a theory.” (“American 
Journal of Science and Arts,” April, 1875.) 

Fig. 43 (page 1 14) shows the intensities of the three xiriinary sensa- 
tions, red, green, and violet, as estimated by 1 lelmholtz. The intensi- 
ties were afterward measured by Maxwell, and found to differ slightly 
in the case of ditferent eyes. In Fig. 44 the letters C 1.) E F G de- 
note the fixed lines of the solar ^spectrum ; the curve It It It, the 


C D E F G 



44.— Curves showin^r the Intensity of the Funflamontal Sensations In DljQTercnt 
Parts of the Solar Sgectruiu. (Maxwell.) 


intensity of the sensation of red in different parts of the spectrum; 
<1 G (i is the curve for the green, and B BB that for the violet-blue 
!>ensation. Fig. 31 (page 104) shows tlie same curves as obtained by 
another observer. (“ Philosophical Transactions ” for 1860, vol. cl.) 

I 2 




CHAPTER X. 

OK THE MIXTURE OF COLOURS. 

Those who watdi a painter at work are astonished at 
the vast number and variety of tints wliich can be made by 
mixing in varying pro|)ortioiis a very few ])igmeiits : from 
red and yellow there is produced a great series of orange 
tints ; yell GW and blue furnish a multitude of green hues ; 
blue and red, a series of purples. The results seem almost 
magical, and we justly a<lmire the skill and knowledge 
which enable him in a few seconds accurately to matcli any 
colour which is within the compass of his palette. As we 
continue our observations we soon find that the matter is 
more complicated than it appeared at first sight, each pig- 
ment having a particular set of properties which it carries 
into its mixtures, and these properties being by no means 
fully indicated by its mere colour. Thus, some blue pig- 
ments furnish fine s(‘ts of greens, while others, as beautiful 
and intense, yicdd only dull olive-greens ; some reds give 
glowing purples, wliile from others not less bright it is pos- 
sible to obtain only dull, slaty purples. .l>efore touching 
on these complicated cases it will bo well to study this sub- 
ject under its simplest aspects, and to content ourselves for 
tbe present with making an examination of the effects 
which arc produced by mixing light of different colours. 
Tins can not l>e brought about by mixing pigments, as was 
for a long time siiyiposed. In some eases tlie mixture of 
pigments gives results more or less like those produced by 
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the' mixture of coloured light, but as a general thing they 
differ, and in some cases the dilfercuce is enormous. In 
the previous chapter, for instance, it was shoAvn that while 
the mixture of yellow with blue pigments produced inva- 
riably a green hue of varying intensity, the mixture of blue 
with yellow light gave a more or less pure white, but under 
no circumstances anything approaching green. The mix- 
ture of two masses of coloured liglit can easily be effected 
in a simple manner so as to be exhibited readily to a large 
audience. Two magic lanterns are to be employed, as 
shown in Fig. 45, the usual slides being replaced l)y plates 



Fio. 45, — Two Mairic Lantorna castin*? Yellow and Blue Light on the same Screen, 
where it forms White. 


of coloured glas>s, as indicated. Each lanlern then will fur- 
nish a largo bright circle of coloured light, which can be 
projected on a white screen, the room in which the experi- 
ments are made being first darkened. In this way it will 
he found that violet-hlue light when mixed witli green 
light gives blue or greenish-blue light, according to the 
proportions of the two constituents ; green Avith red gives 
various hues of orange or whitish yellow, inste.ad of a set 
of dull, indescribable shades of greenish, reddish, or brown- 
ish grey, as is the case with pigments. These and many 
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other beautiful experiments on the mixture of eoloitred 
light can easily be made ; and even the effects produced by 
varying the intensity of either of the masi^^es of coloured 
light can readily bo studied by gradually diminishing the 
brightness of one of the coloured circles, the other remain- 
ing constant. 

To all these experiments it may be objected that we are 
not using coloured light of sufficient purity ; that our yel- 
low glass transmits, as was shown in Chapter VIT., not only 
yellow but red, orange, and green light ; and that tlie other 
stained glasses are not much better off in this respect. 
Hence, to meet all such objections, physicists have been 
finally obliged to conduct their researclies in this direction 
0:1 the pure coloured rays of the spectrum. The difficulties 
cuicountored in the use of this metliod are much greater, 
but the results so obtained are far more precioiis. Very 
hcautiful investigations of this character have been made 
by Ifelmholtz, Maxwell, and J, J. Jlllller. The general 
eharact(u* of their results is something like this : IJy mixing 
two kinds of pure coloured light they obtained, as a general 
thing, light having a colour different from either of the 
original ingreditmts ; for example, rcul and yellowish green 
gave an orange hue which looked in all respects like the 
pure orange of tlie spectrum ; also, in lids new orange it 
was impossible by the eye. to detect the presence of either 
red or yellowisli-grc'cn light. This was true of all mixtures ; 
in no ease could tlu^ original ingredients be detected by the 
eye. In this respect tlu^ eye differs from the ear ; for by 
])ractice it is possible with the unaided ear to analyze up 
compound sounds into the elements which compose them, 
at least to some extent. It was also ascertained that the 
same colour could be produced in several different ways — 
that is, by combiiung together different pali\s of spectral 
colours. Thus, violet with cyan-blue gave an ultramarint’! 
hue, but violet gave the same colour when mixed with 
bluish-green, or even with green ; in the last case the tint 



ON THE MIXTURE OF COLOURS. 


127 


was somewhat whitish. By mixing certain colours of the 
• spectrum, it was found that one 
new colour or colour-sensation 
could be produced which origi- 
nally was not furnished by the 
plain pure spectrum itself ; we re- 
fer to purple, or rather to the 
whole class of purples, ranging 
from violet-purple to red-purple. 

These are produced by mixing the 
end colours of the spectrum, red 
and violet, in varying proportions. 

Furthennore, mixtures of certain 
colours of the spectrum gave rise 
to white ; this was true, for ex- 
ample, of red and bluish-green, 
and of yellow and ultrarnarine- 
blue. The white in these two 
cases, though so dilferent in origin, 
had exactly the same appearance 
to the eye. Again, by mixing 
three or more spectral colours no 
new hues wx^rc produced, but sim- 
ply varieties of those which could 
be obtained from two colours. 

Such is the general character 
of the results obtained by mixing 
together masses of pun? coloured 
light ; we propose now^ to enter a 
little more into detail respecting 
this very interesting matter, and 
to examine the laws which control 
the production of the resultant 
hues. 

It was ascertained by Miiller, 46 .~rris,„aiic spectrum, 
who worked under the direction 
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of Helmholtz, that all the colours of the spectrum, Fig. *46, 
from red to yellowish-green, gave by mixture resultant 
hues wdiicli were always identical with some of the colours 
situated between red and yellowish-green, thus : 

Table I. 


Red and yellowish-green gave Orange or yellow.* 

Red and yellow gave Orange. 

Orange and yellowisli-grecn gave Yellow. 


The eflFeet of the mixture in these cases was to produce 
colours which were, to all aj)pearance, as pure as the cor- 
responding colours of the spectrum itself. 

Furthermore, all colours of the spectrum from violet to 
bluish-green furnislied mixtures corresjionding to the col- 
ours contained between these limits, thus ; 

Tabll II. 

niuisb-greon and ultramarine-l>luc gave. . . Cyan-blue. 

Bliiish-groi'ii and violet gave Cyan-blue or xiltraniarine-bluc.* 

Violet and cyan-biue gave Ultrairiarino-blue. 

In these cases also the resulting tints could not be distin- 
guished from the (corresponding spectral colours. The re- 
sults thus far are simi>le in character, and easily remem- 
bered by any one who recollects the arrangement of the 
colours of the spectrum. 

On the other hand, (jree)}^ wlicn mixed with any colour 
of the spectrum, gave a resultant colour, whicli was less 
saturated or intense, and appeared more whitish, than the 
corresponding spectral tint, thus : 

Table HI. 

( Orange, 

Green and red gave •< Yellow, V whitish. 

( Yellowish -green, ) 


* According to the proportions. 
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Green and yellow gave Yellowisb-green — whitish. 

Green and cyan-blue gave Bluish-green — whitish. 

r Ultramarine- blue, \ 

Green and violet gave < Cyan -blue, > whitish. 

( Bluish-green, j 

Yellowish-green and bluish-green gave. Green — very whitish. 

Mtiller made; a careful determination of the position in the 
spectrum of the green which had the greatest effect in 
diminishing the saturation, and consequently was most in- 
fluential in generating pale or whitish tints. It was situ- 
ated between the fixed lines b and F, at one third the dis- 
tance between b and P, measured from b. This colour is a 
bluish-green, and can be imitated by mixing emerald-green 
Avith a small quantity of eobalt-blue. According to Muller, 
as already stated, tliis is the fundamental green : its Avave- 
length is 506*3 ten-millionths of a millimetre. 

Having considered the effects produced by mixing tlie 
colours of the si)ectruni situated on (;ither side of the green, 
and also the eirocts produced by green itself in inixture, it 
remains to examine the mixtures of the colours located 
right and left of green, thus : 

Taule rv. 

Rod and ultraniavine-bluc gave.. . Violet — slightly whitish. 

Rod and cyjin-blue gave Ultramarine or violets — whitish. 

Orange and violet gave Red — whitish. 

Red and violet gave Purple — whitish. 

Orange and ultramarine gave. . . . Purple — whitish. 

These results may at first sight not seem as simple and ob- 
vious as those mentioned above, but, when the arrangement 
of the colour-diagram* has been explained, it will be seen 
that they ai’e strictly analogous to the eases before given. 

It may have been noticed by the reader that the series 
of pairs given in the tables thus far do not entirely exhaust 


* See Chapter XIV. 
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all possible combinations of the spectral colours. In the 
cases wliich remain, however, the effect of mixture is not 
the production of coloured but of white light, thus : 

Table V. 


Red and bluish-green* gave White, 

Orange and cyan-blue gave White. 

Yellow and ultramarine gave White. 

Greenish-yellow and violet gave White. 


Hence these are called complementary colours, and, on ac- 
count of their importance, a separate chapter will be devoted 
to them. Green finds no simple complementary colour in 
the spectrum ; it requires a mixture of red and violet, or 
tlie colour called purple. 

These experiments, as will be easily understood, have 
furnished us with a great deal of valuable information, 
which could not have been derived by studying the mix- 
tures of pigments on the painter’s palette. They supply us 
with material which can be used in unraveling many col- 
our-problems, presented by nature or art, which otherwise 
would be quite beyond our grasp. Tbe experiments them- 
selves unfortimately are quite difficult, and for their proper 
execution require knowledge and skill as well as much pa- 
tience. There is, however, another method of mixing coloured 
light to which no such objections apply, for it is simple and 
quite within the reach of all who are interested in this sub- 
ject. We refer to the method of rotating disks which has 
already once or twice been mentioned.f If a disk of card- 
board be painted, as indicated in Fig. 47, with vermilion 
and a bluish-green pigment, and then set in rapid rotation, 
these colours will be mixed (in the eye of the observer), 
and the whole disk will assume a new and uniform tint, 
which will be that due to a mixture of the coloured light 
sent out from the two halves of the disk (Fig. 48). When 


* Or rather green-blue. 


f See Chapter IX, 
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we analyze this experiment, we find that what actually does 
take place is this : At any one particular instant a certain 
portion of the retina of the eye will he affected with red 
light ; the disk then turns and presents to the same portion 
of the retina bluish-green light ; then follows red, then 
bluish-green, etc. Hence the retina is really acted on by 
alternate presentations of the two masses of coloured light, 
the intervals between the.se substitutions being something 
less than one fiftieth of a second. Kow, it so happens that 
these alternate presentations have the same effect on the 
eye as simultaneous presentations. This is not the least 
valuable result of the spectral experiments above described. 



Fio- 47.— Disk puintt'd witli Vor- 
iiiilion ami Jilue-^'^roen. 



Kio. 4S.— Axipcnmnce presented 
by Kod and r>hi( -green Ditik 
when in Kupid liotation. 


for it enables us by an easy metbod to pursue our colour- 
investigations without having direct recourse to the spec- 
trum. There is one respect in whicli tlie mixture by rotat- 
ing disks actually does differ from that wfiere the presenta- 
tion is simultaneous. If we simultaneously present to the 
eye two masses of coloured light, it is plain that the lumi- 
nosity of the mixture will be equal to the sum of the lumi- 
nosities of the two components (or at least must approximate 
io it) ; thus, if the luminosity of our red light be 25, and 
that of our greenish-blue 30, the luminosity of the tint of 
mixture will be 55. If, however, these two masses of light 
act on the eye alternately, as is the case with rotating 
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disks, the luminosity of the mixture-tint will be not the 
sum but the mean of the separate luminosities ; that is, 27 i.* 
This method of mixing colours was mentioned in the 
second century, in the “ Optics ” of Ptolemy.f It was 



Fig. 41>.— Ono of Ma.x well’s Disks. 


rediscovered by Miisschenbroek in 1702, and finally greatly 
improved by Maxwell. The last-named physicist modilied 
the disks, so tliat it became possible easily to mix the col- 
ours in any desired proportion. This important improve- 



Fios. 50 and 51.— Two Views of a Pair of Maxwell’s Disks in Combination. 


inent is effected simply by cutting a slit through the disk 
from the centre to the circumference, as indicated in Fig, 
49. The slit enables the experimenter to combine two or 
even more disks on the same axis, and to adjust tliem so 

* Compare the results obtained by the author and given in Chapter III. 
f “ Bibliographie Analytique,” by J. Plateau (1877). 
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that they present their respective surfaces in any desired 
proportion. .(See Figs. 50 and 51.) The relative propor- 
tions of the two colours can then be obtained, as was done 
by Maxwell, by placing a graduated circle around the 
disks. The author finds it better to apply a graduated cir- 
cle of pasteboard to the face of the disk, this circle being 
made a little smaller than the disk itself ; the centring is 
insured by its contact Avith the axis on which the disk is 
fastened. (See Fig. 52.) MaxAvell divided his circle into 



Fig. 52. — Mode of uieasurin^ the Colours on the Disks. 


100 instead of 360 parts ; this is convenient, and tenths of 
a division can readily be estimated by the eye. There is 
another very important feature connected with Maxwell’s 
disks : they can easily be arranged so as to furnish colour- 
equations, Avhicli are of great use in chromatic studies. 
I'^oi* example, returning to our com]>ound disk of red and 
bluish-green, and remembering that tliese colours are com- 
plementary, it is evident that, if we give to the red and 
bluish-green surfaces the proper proportions, Ave can from 
them produce white, or, Avhat is tlie same thing, a pure 
grey. But a pure grey can also be produced by rotating a 
Avhite and black disk similarly arranged. Hence, in an ex- 
periment of this kind, Ave place on the axis, first, the disks 
of vermilion and bluish-green, and then on the same axis 
smaller disks of black and Avhite pasteboard, cut in a simi- 
lar manner AA'ith radial slits. By repeated trials Ave can 
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arrange the coloured disks so that they furnish a grey as 
neutral and pure as that due to the black and white disks ; 
and these last can be arranged so that the grey furnished 
by them is as luminous as that given by the other two. In 
an experiment of this kind it was found that to produce a 
pure grey it was necessary to take 30 parts of vermilion 
and 04 parts of bluish-green. This grey was in all respects 
exactly matched by 21-3 parts of white and 78*7 parts of 
black. The disk when stationary presented the appearance 
indicated in Fig. 53 ; when in rotation, that of a pure, uni- 



Fio. 5B. — I.arg’o Disk of R(Ki and Blue-^n’oon aminsred for the Production of a Pure 
Grey, Small Disk of Black ami WhiLe furnishoB the same Grey. 


form grey. All this can be put in the form of an equation 
by writing 30 red -f 04 blue-green = 21 ’3 white 4-78*7 black. 
We have here expressed the proportions in which it is 
necessary to take those particular colours for the produc- 
tion of a grey ; the luminosity of this grey is also expressed 
in terras of black and white pajicr. According to our equa- 
tion, if we set the luminosity of wliitc paper equal to 100 
and that of black paper equal to nothing, then the lumi- 
nosity of the grey will be equal to 21*3 per cent, of that of 
white paper. It is not strictly true that the luminosity of 
black paper is equal to nothing, or that it reflects no light 
at all. Some careful experiments were made by the author 
on this point, and the following result reached : If black 
pasteboard is prepared by painting its surface with lamp- 
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black in powder to which just enough spirit varnish has 
been added to .cause it to adhere closely, but not to shine, 
then a uniform surface will be obtained, which reflects a 
small but definite amount of the light falling on it. If, as 
before, we set the luminosity of white pasteboard as 100, 
then that of this kind of black paper will be 5*2 ; or, in 
other words, it reflects about five per cent, as much light 
as white pasteboard. This knowledge enables us to correct 
the equation just given ; instead of 21 ‘3 white, we should 
write 25*4. 

In th(; above example we have taken the case of two 
complementary colours, and have obtained a measure for 
the white or grey light which they furnish by mixture ; 



Fia. 54. — Vormillon and Eraerald-i^recn Disks arranged to produce a Yellow by Rota- 
tion. This yellow is imitated by small chromo-yullow, black, and white disks, as 
arranged in the figure. 


when the resultant tint is not grey, but some decided col- 
our, we can in a similar way assign to it a numerical value. 
Take the case of vermilion and emerald-green : Disks 
])ainted with these colours can bo made to furnish a Avhitish 
yellow, as demanded by Young’s theory, and we can ex- 
press the value of this yellow in terms of chrome-yellow ; 
that is, by darkening chrome-yellow and rendering it pale. 
This we accomplish by combining chrome-yellow with a 
1)1 ack and a white disk. As tlie result of an experiment 
of this kind, the author obtained the equation : Verm. 
51 -f- cm. -green 49 = eh.-yel. 20 *f white 8 + black 72. 
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The compound disk properly arranged is seen in Fig. 54. 
The reader may he somewhat surprised to notice that it 
was necessary to dull the chrome-yellow so greatly before 
making it similar in colour to the yellow produced by mix- 
ing the green and red light ; it must, however, be remem- 
bered that chrome-yellow does not quite belong to the same 
set of colours of which vermilion and emerald-green are 
members ; that is to say, if we represented the red space of 
a normal spectrum with vermilion, and the green s[)ace 
with emerald-green, then chrome-yellow would be too 
bright or luminous for the yellow space, and we should 
have to substitute for it a less brilliant yellow pigment. 

In the same manner, with the aid of properly painted 
disks, we can make a series of experiments on the mixture 
of other colours, and satisfy ourselves of the correctness of 
the results alreadj^ given in this chapter. For instance, by 
eombining a yellow witli a vermilion disk in various pro- 
portions, we obtain a series of orange or orange-yellow hues, 
Avliich arc as saturated in appearance as the original con- 
stituents. lied lead witli a yellowish-green disk gave a 
fair yellow, and the same yellowish-green disk when com- 
bined with vermilion furnished a line orange or yellow, 
according to the proportions. These (iorrespond to the re- 
sults given in Talile I. In the same way those contained 
in the other tables can be verified. Naturally, some care 
must be excu'cised in tlic selection of the pigments with 
which the disks are painted ; thus, the author finds tliat the 
pure red of the spectrum can be imitated by vermilion 
washed over with carmine. Vermilion itself corresponds 
to the red space of tlie spectrum about half way between 
C and D ; red lead answers for a red-orange situated nearer 
still to I), etc. The parts of the s})ectrum which these and 
other pigments represent are indicated in Chapter III,, to 
which the reader is referred for further information. 

In preparing a set of disks for accurate experiments, it 
will be necessary of course to compare their (^clours care- 
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fully with those regions of the spectrum w^hich they are 
intended to represent. This can be done witli the aid of 
tlie spectroscope in the metliod indic^ated in Chapter III. 
A set of disks with carefully deterrnintMl colours is quite 
valuable, not only for experiments of this kind, but also to 
enabhi us to produce a vast variet)^ of tints at wull, which 
can be recorded and afterward accurately reproduced when 
necessary. 

We })ass on now to the descri})tion of a lycautiful and 
siinphi piece of apparatus contrived by Dove, fur mixing 
the coloured light funiished by stained glass, and (‘ailed l)y 
him a dichrodscojje. This consists of a box bl millimetres 
long, 75 liigh, and 70 broad ; three sides ai*e o|>en, but can 
be clos(‘d by opaxiiie slides or by plates of coloured glass. 
(See Fig. 55, which shows the b(jx in pers})eetive.) Fig. 50 



Fig. r.5.— T]u> P.o\* of Dovt-’a OiclirouiU'OjM*. Fk;. 50 .— Tlio Hho\vn 

'Phe pPates of flji'is aro n-mowfl hi .seotioii. 

«n/l tlio throe loft (>r)»‘H. 'I’ho six 

idiiteti of w indow- gla.ss are sliown. 


is a vertical section, in whicli G II and K 1) are plates of 
coloured glass ; G P is an opaque slide made of blackened 
cardboard, in which a square aperture has been cut ; K 
represents a set of six glass plates made frcmi window- 
glass, of the best (juality ; these are of course colourless. 
At S S, Fig. 57, is a silvered iniiTor, and at N a NicoPs 
prism. Tlie action of the apparatus is as follows : IjCt us 
suppose that G R is a plate of green glass, and R D one of 
red ; then the light from the sky, striking on the mirror 
S S, is reflected through R D and the plates P R, and 
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finally reaches the eye ; it will of course be coloured red. 
But light from the sky also falls on the plate of green glass, 
G R, j)eiietrates it, is reflected from the glass plates at P R, 
and also reaches the eye. The eye, then, will be simulta- 
neously acted on by red and green light ; and, if the Nic- 
ol’s prism at N be removed, this mixture will be seen, but 
we shall hav(i no means of regulating the proportions of the 
red and green light. But, by restoring the NicoPs prism 
to its place, and rotating it, it is possible to mix tlu* re<i and 
green light in any desired proportion.'*' Wlien the api)a- 



ratus is provided with red and greoai glass as above indi- 
cated, a dull yellow will sometimes bo given without the 
use of the NicoPs prism ; with its aid, this can always be 
accomplished ; the yellow will pass into greenish-yellow or 
orange, according as the proportions of the two constitu- 
ents are varied. It is best to employ glasses the tint of 
which is not too dark, as we do not readily recognize dark 
yellow as such. The author easily obtained pic(*es of green 

* Many beautiful experiments with polarized lic^bt can be made with 
this little apparatus; for an account of them the reader is referred to P 02 ;- 
gendorff'^s “ Annalcn,” ox., p. 265, or to the American Journal of Science,” 
vol. xxxi., January, 1861. 
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and purple glass whicli gave pure white ; yellow and bine 
glass also did the same. If the hue of the yellow glass was 
too deep, the white was always tinged pinkish. Ked and 
yellow gave orange ; green and yellow, yellowish -green ; 
red and blue, purple. All these? results are quite in accord- 
ance with those obtained by mixing the coloured light of 
the spectrum. 

Ill the previous chapter we have described a method 
which was contrived long ago by Lambert for mixing tlie 
coloured light from painted surfaces (see Fig. 89, page ilO). 
The light from the blue paper is transmitted directly to the 
eye, and that from the yellow paper reaches the eye after re- 
flection ; their action is of course simultaneous. Ily moving 
the two pieces of paper nearer together or farther apart, it 
is possible to vary their apparent brightness, and thus to 
regulate the proportion of blue and yellow light wliich 
reaches the eye ; the yellow will predominate when the 
papers are near together, the blue as the)^ are moved fur- 
th€?r apart. Chronic-yellow (the pale variety) and ultr:i- 
marine-blue, when combined in this apparatus, give an 
excellent white, and emerald-green and vermilion give a 
yellowish or orange tint, according to the arrangeraont. It 
is dilRcult to obtain a good representative of violet among 
the pigments in use hy artists ; the author finds that sonu> 
samples of the aniline colour known as lloffmami’s violet 
BB” answer better than any of the ordinary pigments. 
If a deep tint of its alcoholic solution be spread over paper, 
and combined in tbc instrument witb emerald-green, a blue, 
a greenish-blue, or a violct-bluc can readily be produced. 
It is evident that a multitude of experiments of this eliar- 
acter can be made, the number of colours united at one 
time being limited to two. The results of course agree 
with Young’s theory. 

Another method of mixing coloured light seems to have 
been first definitely contrived by Milo in 1889, though it 
had been in practical use by artists a long time previously. 

K 2 
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We refer to the custom of placing a quantity of small clots 
of two colours very near each other, and allowing them to 
be blended by the eye placed at the proper distances Milo 
ti’aeed tine lines of colour parallel to each other, the tints 
being alternated. The results obtained in this way are true 
mixtures of coloured light, and correspond to those above 
given. For instance, lines of cobalt-blue and chrome-yellow 
give a wliite or yellowisli-white, but no trace of green ; 
emerald-green and vermilion furnish when treated in this 
way a dull yellow ; ultraniarine and vcTOiilion, aricdi red-pur- 
ple, etc. This method is almost tlie only }»ractical one at the 
disposal of the artist whereby he can actually mix, not pig- 
ments, but masses of coloured light. In this eonnecition we 
are reminded of an interesting opinion of Ruskin which has 
some bearing on our subject. Tlio autlior of J\lod(‘rn 
Painters,’’ in his most admirable “ Elements of Drawing,” 
says : IJrcakiiig one colour in small ])OjntxS through or 
over another is tiic jiiost important of all pi’ocesses in good 
modern oil and water-colour painting. . . . In distant ef- 
fects of a rich subject, wood or rippled water or broken 
clouds, much may be done by touclies or crumbling dashes 
of rather dry colour, with other coIourvS afterward put cun- 
ningly into the interstices. . , . And note, in filling up 
minute interstices of this kind, that, if you want the colour 
you fill them with to show brightly, it is better to put a 
rather positive point of it, with a little white left beside or 
round it, in the interstice, tlian to put a pale tint of tlie col- 
our over the whole interstice. Yellow or orange will hardly 
show, if pale, in small spaces ; but they show brightly in 
fine touches, however small, with white beside tbem.” 

This last method of mixing coloured light is one which 
often occurs in nature ; the tints of distant objects in a 
landscape are often blended in this way, and produce soft 
hues which Avere not originally present. Eveii near objects, 
if numerous and of small dimension, act in the same man- 
ner. ThuKS the colours of the scant herbage on a hillside 
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often mingle themselves in this way with the greenisli-grey 
tints of the mosses and the brown hues of the dried leaves : 
the reddisli- or purplish-brown of the vSteirus of small bushes 
unites at a little distance with their shaded green foliage ; 
and in numberless other instances, such as the upper and 
lower portions of mosses, sunlit and shaded grass-stalks, and 
the variegated patches of colour on rocks and trunks of 
trees, the same principle can be traced. 

There is anotlier mode of mingling colourtjd light, which 
is not much used by physicists, though it is of constant oc- 
currence in nature. We refer to the case where two masses 
of coloured light fall simultaneously on the same object. 
Sunsets furnisli the grandest examples of tliese elfeets, tlie 
objects in a landscape being at tlic same time illinninated 
by the blue sky and the orange or red rays of the sinking 
sun. Minor cases happen constantly ; among them the 
commonest is Avhere a coloured object reflects light of its 
own tint on neighboring objects, tluis modifying their hues 
and being in turn modified by them. The white or grey 
walls of a room are often very wonderfully tinted by col- 
oured light which is cast on them in nebulous patclies by 
the carpet, window-curtains, or other coloured objects tliat 
happen to be present. In all cases where the surface re- 
ceiving the manifold illumination is Avhitc or grey, or but 
slightly coloured, the laws for tlu* mixture of coloured 
light which have been explained above hold good ; when, 
however, tJiis surface has a distinct colour of its own, the 
phenomena are modified in a manner Avhicli will presently 
be noticed. 

We pass on now to compare the results which are ob- 
tained by mixing coloured lights with those which are 
given by the mixture of coloured pigments. It was for a 
long time supposed that these were identical, and that ex- 
periments on mixtures of coloured liglit could be made 
with the aid of the painter’s palette. Lambert appears to 
have been the first to point out the fact that the results in 
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the two cases are not always identical. Thus the celebrated 
experiment of combining blue with yellow light, and ob- 
taining not green but white, Avas first made by him with the 
apparatus shown in Fig. 39, page 110. The same fact was 
afterward independently discovered by Plateau, and finally 
by Helmholtz, who, using it as a starting-point, made an ex- 
amination of the whole subject. Wlien we study this matter 
with some attention, avc find that in mixing pigTucnts two 
different effects are produced. Suppose we mix cl)rome- 
yellow and ultramarine-blue, both in dry powder. If we 
rub this mixture on ])aper, we shall produce a uniform and 
rather dull green. An examination even with a moderately 
powerful microscope will fail to reveal the separate parti- 
ides of the two pigments. Yet avc know that there must 
be a su{)erficial layer, made up of a mosaic work of blue 
and yellow particles placed side by side. These two sets of 
particles send liglit of their own colour to the eye, which 
there undergoes a true niixture, and gives as tlie resultant 
hue a yellowisli-grey. Thus far the result entirely corre- 
sponds with that produced hy mixing tvv^o masses of eol- 
ouriKl light. The second and more important effect is 
brought about by light which penetrates two or more lay- 
ers of particles. Here the light undergoes absorption in 
the manner explained in Chaptia* VII. : the yellow particles 
absorb the bine and violet ; the blue particles, the red, 
orange, and yellow rays. Tlie green liglit is absorbed also 
by both sets of particles, but not nearly so much as the 
otli(‘r rays. From all this it follows that chrome-yellow 
and ultramarine-blue jointly absorb all the colours which 
are present in white light, except green ; hence gi*een light, 
as tlie result, is reflected back from the surface, and reaches 
the eye of the observer. This green light is finally mingled 
with the yellowish-grey light before mentioned. When dry 
pigments are employed, both of the effects just described 
are always present. If the pigments are used as water- 
colours, the light from the surface is diminished, and with 
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it the iirst of these effects ; and a still further diminution 
of it takes place if the pigments arc ground up in oil. 
From all this it is evident that by mhujlimj two pignmits 
we obtain tlie resultant effect of two acts of absorption due 
to tlie tw o |)igmcnt.s : white light is twice subjected to the 
process of subtraction, and what remabis over is the col- 
oured light which finally emerges from the painted surface. 
On the other hand, the process of ^nixing coloured light is 
essentially one of addition ; and, this being so, wo find it 
quite natural that the results given by these two methods 
should never be identical, and often should differ widely. 
From this it follows that painters can not in many easels 
directly apply knowledge acquired from the palette to the 
interpretation of chromatic effects produced hy nature, for 
these latter often depend to a considerable extent on the 



Fi(,. tS.— Two Apertures in lilaek Canlbo.'ird eovored Keel and Green Glass 

eiatural size.) 

mixing of masses of differently coloured light, Tliis fact is 
now admitted in a general way by intelligent artists, but 
probably f(A\" who have not made experiments iji this direc- 
tion fully realize how Avide are the discrepancies which exist 
betAV.een the results given by the two different modes of 
mixture. A few years ago Dove described a method of 
studying* this subject with the aid of stained glass ; and, as 
it would be difficult to devise a simpler or more striking 
mode of making such experiments, wc will give his process 
in full. 
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In a blackened }>iece of cardboard two apertiy^es are 
cut, about a third of an inch broad, as indicMted in Fig. 58. 
Over these apertures are fastened pieces of stained glass — 
for instance, red and green ; light from a white cioud is 
then made to traverse the glasses. At P, Fig. 59, is an 



Fig, 50.— Mode of iisiii;,' Uovo'ft Apparatus. B O is cardboard with red and groen irluss 
at 1* is tiic prism of calc spar. 

aciironiatic prism of calc spar, which doiil)les oa(.‘h of the 
little ])atches of coloured light, so that the observer on 
looking through the prism actually secs two red images of 



exactly equal brightness, and also two similar green images. 
Now, by revolving the calc-spar prism the experimenter 
can cause one of the red images to overlap one of the 
green, and thus it is possible to mingle the red and green 
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light from the coloured glasses. In one experiment made 
by the present writer the colour of this mixture was oratige 
(see Fig. CO). ITpoii removing the glasses from the instru- 
ment, placing them one over the other and allowing white 
light to pass tlirough tliem, the effect due to tlie double 
absorption manifested itself ; but now tlie colour of the 
transmitted light was not orange, or even brown, but dark 
green. If these two glasses had been ground to powder, 
mixed with oil, and then tlie mixture painted on cam as, it 
would have exhibited not an orange but a dai'k-green hue. 
We give below^ tlie results of a set of experiments which 
were recently made by the writer, and which illustrate the 
diiTercnces to be encountered in the two modes of proceed- 
ing : 

Resi;lts given by Dove’s ArrARATus. 


iU\sult obtained by inixtun? I Result obtfiiinaUtv Ab- 
Colours of Olasa. of Ugh t. | sorption. 


Rod and green 

*Rcd and green 

Yellow and blue 

■^Yellow and blue 

Rod and blue 

Yellow and dark purple. 
*Yellow and dark purple 
Purple and green 

Yellow and red 

■^'Yellow and red 

Yellow and bluit^b -green. 
*^^>11()W and blue-green.. 
**Yellow and blue-green 
Purple jind blue-green. . 
Purple-violet and green . 


Orange. 

Pale yellow. 
White. 

Pinkish-white. 

Adolet-])urpIc. 

Y el low. 

Pale orange. 
AYlute. 

i Yellow, slightly orange. 
Orange. 

Yellow. 

Yellowish-white. 

Pal 0 green ish-y ellow . 
Pale bhie-grccu. 
Pale violet-blue. 


Dark green. 

Black. 

Fine green. 

Fine olive-green. 
Deep rt'd. 

Deep orange. 
Dark brown. 
Dark gretui. 
De(?i) or;vngo-rod. 
Hod.’ 

Yellow i si i-gre on. 

R i ell yel I o \^ ish -g r een . 
Olive-green. 
Dark violet. 
Black. 


These are not experiments selected so as to show wddc dif- 

* Sample more deeply tinted. 
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fereiices ; they comprise the entire set that was made on 
tlie occasion referred to, and are simply transcribed from 
the author’s note-book. Yet it will be seen that in not a 
single case do the two methods furnish the same result ; 
and as a general thing they differ so entirely that it would 
be quite impossible even to predi(‘t the nature of one of the 
set»s of tints from a knowledge of the other. These experi- 
ments, then, exhibit the wide difference between the effects 
produced by mixture of light and the absorption of light ; 
l>ut, as has already been remarked, when pigments are 
mixed on the palette, the resultant hue depends |)artly on 
the proc(^ss of true mixture and partly on that of absorp- 
tion, the latter of course predominating. Hence the results 
in the table, though instructive, are not neeessarily strictly 
applicable to the painter’s palette, which is best studied by 
anotlier metliod. 



f JO. fil.— T)iRk for showing tlic nifTon'iice l>ot\vccn inixinfr Coloiired Li.dit nod Coloured 
Pk^TMeritR. rii«? outer disk is with tbo joiro ibt'-iuuots, the small disk with 

mixture of the same id.^rtru-iits. 

For an examination of this matter the author adoiffed 
the following mode of proceeding : Two tolerably deep 
washes of Avater-colour pigments were prepared — for in- 
stance, vermilion and ultramarine-blue — with which two of 
Maxwell’s disks were separately painted. Afterward an 
equal number of drops of the same washes were mingled 
on the palette, and a third and smaller disk painted with this 
mixture. The disks were placed on a rotation apparatus, 
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j arranged as in Fig. 61, the vermilion and ultramarine cover- 
ing each one half of the larger disk ; the smaller one, ex- 
hibiting the result furnished by the palette, being placed in 
the centre. When the compound disk was rotated, the col- 
ours of its outer portion underwent true mixture, and it was 
easy to compare the resultant tint witli that furnished by 
the palette. In the experiment rc'ferred to tlie result was 
as follows : The larger disk became tinted red-purple, 
alongside of which tlie smaller disk seemed grey, so dull 
and inferior was its colour. The real colour of the smaller 
disk was a dull violet-purple. It will be noticed, then, that 
not only was the colour much darker and less saturated, but 
it had been moved from a red-purple to a violet-purple. 
Next, in order to ascertain how much the pigments had 
been darkened by mixture on the palette and otherwise 
changed, a black disk was combined witli the vermilion and 
ultramarine disks, and various amounts of black introduced 
into the red-purple mixture by rapid rotation. It Avas found 
impossible in this way to bring the colour of the largc'r disk 
to equality with that of the smaller one, it remaining always 
too saturated in hue. Some white was then added to the 
largo dixsk, and equalization finally elfected. It was then 
found tliat twenty-one parts of vermilion, twenty parts of 
ultramarine, with fifty-one parts black and nine parts Avhite, 
made a tint by rotation which was identical with that given 
by mixing up the vermilion and ultramarine on the ])alette. 
The large amount of black Avhich it was necessary to add 
strikingly illustrates the general proposition that every 
mixture of pigments on the painter’s palette is a stride 
toward blackness. We give now the results of the other 
experiments : 
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Table siiowinq the Effects of mixing Pigments by Rotation and on 
THE Palette. 


Pi foments. 

]?y Rotation. 

} On the Palette. 

i 

Violet (‘‘ violot-carmino ”) ( 

Yellow-green (Hooker’s green) ) 

Yellowish-grey. 

' Brown. 

Violet (“ violet-carmine’d / 

Yellow (gamboge) v 

Pale yellowish- 
grey. 

i Sepia- grey. 

Violet (‘‘violet-carmine”) } 

Green (Prussian-blue and gamboge)... \ 

G reenisli-grcy. 

1 Grey. 

Violet (“ violct-carinino”) , / 

Prussian-blue \ 

Blue-grey. 

Blue-grey. 

Violet (“violet-carmine”) i 

Carmine \ 

Pink-purple. 

Dull rccl-i>urplc. 

j 

Gamboge 1 

Prussian-blno ^ 

Pale greenisli- 
groy. 

i Full blue-green. 

Cam lino - / i 

Hooker’s green i 

Yellowish-or- 
ange (flesh-tint). 

Brick-red. 

Canniuc } 

Green \ 

Pale reddish 
(flesh-tint). 

Dark-red. 


It will be noticed that in only one case do the results of the 
two niethods coincide ; in all the others the tints from the 
palette are not only much darker, but also diffevrent. Col- 
our-equations w ere then obtained for tlie eight cases above 
given in exactly the manner indicated for vermilion and 
ultramariue-bluc ; and as they present the facts in an exact 
manner, showing how inuch black it was necessary to intro- 
duce, and how far the projxirtions of the two component 
colours had to be varied, they arc given below : 


Mixture on Pulettc. 

50 violot + 50 Hooker’s green. . = | 


Mixture by Eotntion. • 

21 Tiolct + 22-5 Hooker’s green + 1 
vermilion + 52*5 black. 


50 violet 4- 50 gamboge — 54 violet + 20 gamboge -f 26 black, 

50 violet + 50 green ~ 50 violet + 18 green + 82 black. 

60 violet 4- 60 Prussian-blue. . . = 47 violet 4- 49 Prussian-blue 4- 4 black. 
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50 violet + 50 carmine 

t 

no gamboge -l- 50 Prussian-blue. 

50 vermilion -r 50 ultramarine,. 

50 Hooker s green + 60 carmine 
60 carmine -r 50 green 


j 36 violet + 37 carmine + 8 ultrama- 
’ ( rine 4-10 black, 

{ 12 yellow (gamboge) +12 Prussian- 
blue + 41 green + 4 black. 

J 21 verinilion + 20 ultramaiinc + 5i 
black + 0 white. 

j 23’6 yellow-green (Hooker’s green) + 8 
( carmine + 52 vermilion + 16 black. 

: 50 carmine + 24 green + 26 black. 


It will bo noticed that tlic amount of black wbicli it was 
necessary to introduce, in order to darken tlK3 true miriure 
of the colours to matcli the rnmture of the pign^^ 

was a very variable quantity, ranging from four to ilfty-two 
per cent. It is for this reason that artists are so careful in 
their selection of pigments for the production of deiinito 
tones, particularly when they are to he luminous in (piality. 
In four of these experiments it was found impossible to 
bring about equality without adding to the two original 
constituents a third colour, and in oiui case white had to be 
added ; so tliat, in more tlian lialf the cases examined, the 
original colours were found incapable of reproducing by a 
true process of mixture the tint obtained on the palette 
without the aid of a foreign element. These experiments 
serve, then, to show that the results furnished by the pa- 
lette can not be relied on to guide us in the interpretation 
or study of effects in nature dej)endirig on the mixture of 
coloured light. 

We propose now to consider the results which arc pro- 
duced when a coloured surface is exposed to a coloured 
illumination and at the same time to white light. Effects 
of this kind are very common in nature, and are frequently 
purposely selected by artists as themes ; in a minor degree 
they are always present to some extent, even when we seek 
to avoid tliem. With the knowledge which wo have now 
gained, it is possible for us to recognize the fact that in 
such cases the resultant tint of the surface will depend on 
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tiiree circumstancevS : first, on the colour which it assumes 
owing to the presence of the white light — that is to say, 
which it has owing to its natural or, as artists call it, ‘‘local 
colour”; secondly, on the colour communicated to it by 
tliat portion of tlie coloured light which is refiected unah 
teicd from its surface ; and to these there must be added, 
thirdly, the effects produced hy the coloured light which 
penetrates below the surface, and is refiected after under- 
going a certain amount of absorption. It is quite easy to 
make satisfactory experiments on this matter with the aid 



Fio. 62. — Whito li^ht from a window fttlls on stained plass at C, and is tlieii concentrated 
by the lens on a sheet of white or coloured jjaper at P. 

of a simple arrangement contrived by the autlior. At a 
distauce of some eight or ten feet from a window, a lens, 
with a focal length of about five inches, is placed on a 
table, in such a way as to eoncenti'ate the white light from 
the window. In front of the lens a plate of coloured glass 
is held, and the result is that we obtain a bright beam of 
coloured light, which can be thrown on any coloured sur- 
face, such, for example, as painted paper (see Fig. 02). If 
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'the walls of the room are white, the paper will at the same 
time be exposed to a white illurninatioii ; and, by turning it 
or removing it farther from the lens, the proportions of this 
double illumination can be varied at will. We will describe 
two experiments that were made with this arrangement : 
Yellow light was obtained by using a plate of glass which 
transmitted light having to the eye a pure yellow hue, 
without any tendency to orange-yellow or greenish-yellow. 
In this beam of light a piece of paper, painted witli a very 
intense, deep hue of artificial ultramarine, was held. The 
portion illuminated by the yellow light appeared almost 
quite ichitCy showing that a true mixture of the colours had 
taken place. It is well known that it is difficult to decide 
about tlic actual colour of a spot when it is surrounded by 
a coloui'ed field ; hence, in order to avoid deception by con- 
trast, it is well in these experiments to observe the spot 
wdiich lias I’eceivcd the double illumination through an 
aperture cut in ])Iack paper, wdiich is to be held in sucli a 
w ay as to permit a view only of this spot. This precaution 
w^as taken in the present case, and also in all tlie exjieri- 
ments tliat are given below. Idie ultramarine paper was 
then removed, and its place supplied by some wdiich had 
been painted wdth Prussian-blue. The spot now ajipeared 
of a bid gilt (/rem colour, wdiich provcnl that an action had 
taken place similar to that produced by mixing pigments 
on tlie pilette. The explanation is as follow's : The yellow 
glass transmits yellow, green, orange, and red light ; and, 
as was ejcplained in the previous chapter, these lights taken 
together make a liglit which appears to us yellow. That 
portion of this compound yellow light which penetrates the 
Prussian-blue undergoes a process of absorption the green 
constitilcnt, however, is not absorbed, and consequently is 
reflected rather abundantly from the paper. But some of 
the yellow light is reflected unaltered from the immediate 
surface of the paper ; this mixes with the blue light (due to 
the white illumination), and makes white ; so that what Ave 
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finally have is green mixed mth more or less white. In ' 
the experiment where the ultramarine pape^ was used, no 
doubt some absorption took place, but it was not sufficient 
to modify the result materially ; the blue and yellow light 
sfmply united, and formed ,wliite light. Below are given, 
in tlie form of tables, a large series of expeiTments made 
recently by the author ; and an examination of tliem will 
show that for the most part the resultant tint depends 
rather on a true mixture of coloured lights, and that absorp- 
tion acts only as a minor agent in modifying the results : 


Tahle I. 

Yellow f illi/ifT on 

Tiiper pJuntiMl wiili 

Cariiiiiio gave 

Vminlioii gave 

Orange’^ gave 

CliroiTie-ycllow gave 

Gamboge gave 

Yellow is] i-grocii f gave 

Green f gave • 

Blue^greon § gave 

Cyan-blue 1| gave 

Prussian-blue gave 

U1 trainarin e-blii e ga ve 

Violet gave 

Purple-violet gave 

Purple ff gave 

Black gave 


Bed-orange. 

Bright oraugc red. 

B r? gh t o r angc-yel lo w. 
Bright yellow. 

Bright yellow. 

Yellow. 

^rigli t yellow-green. 
Yeliow-green (whiOsh). 
Y(dlow-green. 

Bright green. 

White. 

Pale reddish tint. 
Orange (whitisli). 
Oi’ange. 

Yellow. 


* Mixture of red lead and Indian-yellow', 
f Mixture of gamboge and Prussian blue, 
f Mixture of emerald-green with a little chrome-yellow. 
§ Mixture of emerald-green with a little cobalt-bluo. 

II Mixture of cobalt-blue and emerald-green. 

^ Iloffinann’s violet B, B. 

Hoffmann’s violet B. B. and carmine, 
f f lloifmann’s violet B. B. and carmine. 

Xt Lampblack. 
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Table II. 

Red Light falling on 
Paper paiiit«ed with 

Carmine gave Red. 

Vermilion gave Rright rod. 

Orange gave Red-orange and scarlet. 

Chrome-yellow gave Orange. 

Gamboge gayc Orange. 

Yellowish-green gave Yellow and orange. 

Green gave Yellow and orange (whitish). 

Blue-green gave Nearly white. 

Cyan-blue gave Grey. 

Prussian-blue gave Red-purple or blue-violet. 

Ultramarine-blue gave Red-purplG or blue-violet. 

Violet gave Red-purple. 

Purple-violet gave Red-purple. 

Purple gave Purple-red or red. 

Black gave Dark red. 

Takle III. 

Green Light falling on 
Paper painted with 

Carmine gave Dull yellow. 

Vermilion gave Dull yellow or greonish-yellow. 

Orange gave Yellow and greenish-yellow. 

Chrome-yellow gave'. .. . Yellowish-green. 

Gamboge gave Xello wish-green. 

Yellowish-green gave. . . Yellowish-green. 

Green gn,ve Bright green. 

Blue-green gave Green. 

Cyan-blue gave Blue-green. 

Prussian-blue gave Bluc-grcen, cyan-blue. 

Ultramarine-blue gave. . Cyan-blue, blue. 

Violet gave Cyan-blue, blue, violet-blue (all whitish). 

Purple-violet gave Pale 'blue-green, pale blue. 

Purple gave Greenish-grey, grey, reddish-grey. 

Black gave Dark green. 

Table JV, 

Blue Light falling on 
Paper painted with 

Carmine gives Purple. 

Vermilion gives Red-purple. 

Orange gives Whitish-purple. 

L 
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Chrome-yellow gives . . 

Gamboge gives 

Yellowish-green gives. 

Green gives 

Blue-green gives 

Cyan-blue gives 

Prussian-blue gives . . . 
Ultramarine-blue gives 

Violet gives 

Purple-violet gives . . . . 

Purple gives 

Black gives 


Y ell 0 wish-grey^ greehi sh-grey. 
Yellowish-grey, greenish-grey. 
Blue-grey. 

Blue-green, cyan-blue. 
Cyan-blue, blue. 

Blue. 

Blue. 

Blue. 

Ultramarine, violet-blue. 
Blue-violet. 

Violet-blue, purple-violet. 
Dark blue. 


These experiments, taken as a whole, show that, in calcu- 
lating for the effects produced by illurainating coloured 
surfaces by coloured light, we must be guided mainly by 
the laws which govern mixtures of coloured lights, rather 
than by those which can be deduced from experience with 
j)igments ; they are certainly useful in teaching us, when 
studying from nature, fearlessly to follow even the most 
evanescent indications of the eye, utterly regardless of the 
fact that they disobey laws which we have learned from 
the palette. 

We pass on now to consider the changes in tint which 
take place when coloured surfaces are illuminated by lamp- 
light or gas-light. If we undertake to make experiments in 
this direction simply by viewing coloured surfaces by lamp- 
light in a room illuminated witli it, correct results can not 
be obtained ; for by this very method we have practically 
rendered ourselves colour-blind to a certain extent, and 
have become incapable of judging correctly of quite a series 
of hues. Gas-light is deficient in the violet, blue, and blu- 
ish-green rays ; hence its resultant tint is not white, but 
orange-yellow. If we are immersed in this light, it will 
appear to us white, and our judgment of all colours will be 
more or less disturbed : yellow surfaces will appear white 
or whitish ; blue surfaces, more greyish-blue, or, if pale, 
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^ ^ven pure ^rey. The actual changes effected by artificial 
illumination may readily be studied by the following sim- 
ple method, contrived by the author : A camera-obscura is 
placed in a room illuminated by ordinary daylight ; in 
front of it, at a short distance, is placed a gas-flame or lamp- 
flame, in such a way that the lens of the camera is capable 
of forming an image of it of about half the natural size. 
(See Fig. 6.-1.) This image is now allowed to fall on col- 
oured stuffs or on coloured paper placed behind the lens of 
the camera at & ; it can be viewed, as indicated, through 



Fio. Lif,'ht from Gas-flame is conceTitnitcfl by Lons of Camera and falls on Coloured 

PUJXT. 


the top of the camera, and the resultant tint noted. In 
the experiments made by the author a gas-flame was em- 
ployed, along with a set of painted disks, representing the 
principal colours. The disks, fourteen in number, were the 
same as described in the following chapter, and constituted 
together seven pairs, the colours of which were comple- 
mentai^^ two and two. Below are the results : 

1. A carmine disk when illuminated by the gas-flame 
assumed an intense red hue, even more brilliant than by 
daylight ; the complementary disk, painted blue-green, 
appeared of a yellowish-green, not saturated, but rather pale. 
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2, Vermilion appeared of an intense fiery red ; its com^- 
plement, green-blue, lost in strength, and became yellowish- 
green and rather pale. 

8, Orange appeared brilliant ; cyan-blue, the eornple- 
inent, became greenish-yellow and lost in saturation. 

4. Yellow became brilliant, showing a tendency toward 
orange ; its complement, blue, appeared white, or rather 
pure grey. On the same occasion disks painted witli 
clirome-yellow were examined : two of them were rendered 
somewhat orange-yellow ; the third was brought to almost 
a full orange hue by the gas-light. A disk painted with 
gamboge-yellow acquired something of an orange tint under 
the gas-light. 

5. Greenish-yellow was brought to a pure yellow ; its 
complement, artificial ultramarine-blue, appeared violet. 

6. (Ti'eeni^h-yelknv became pure yellow ; its comple- 
ment, violet, was converted into a strong red-purple. 

7. Full green passed into a bright, strong yelloAvish- 
green ; its complement, purple, assumed an intense pur- 
plish-red hue, displaying less blue than by daylight. 

These are the actual changes produced by the artificial 
illumination as they appeared to an eye placed in ordinary 
daylight, and consequently able correctly to note the sev- 
eral tints. When the disks were examined at night by gas- 
light, in many cases a different result was reached. The 
carmine and vermilion dislvKS still appeared very brilliant, 
the tint in the case of the former being a pure red, while 
the vermilion showed a tendency to red-orange. The orange 
<lisk seemed to be changed in tint to a redder orange hue ; 
the yellow, on the contrary, appeared paler. The greenish- 
yellow disks did not show much change. The full green 
was intense, appearing perhaps more bluish than by day- 
light. Blue-green was liable to be confused with blue, 
cyan-blue and blue with green ; artificial ultramarine-blue 
appeared more purplish than by daylight ; violet became 
purple, and purple a very red purple. Some other disks 
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% were also examined on this occasion : gamboge and chrome- 
yellow showed a loss in saturation, looking whitish ; indigo 
appeared dull greenish-grey ; Prussian-blue was confused 
with blue-green ; genuine ultramarine-blue still was always 
blue with a slight tendency to purple ; cobalt-blue exhib- 
ited this same tendency, which reached a maximum in 
French-blue. All the blues appeared much duller and 
greyer than by daylight. 

By comparing these two sets of experiments, it will be 
seen how greatly the judgment of colour was influenced by 
the circumstance that the prevailing illumination was yel- 
low, and that hence a certain shade of yellow stood for 
white, and gave a false standard to which all the colours 
were referred. This was particmlarly noticeable in tlie case 
of the yellow disks ; in point of fact, as the iirst set of ob- 
servations showed, they reflected to the eye much yellow 
light, and, as far as the mere physical action went, ought 
to have produced the sensation of a strong, brilliant yellow 
hue ; but, as all surfaces which professed to be white were 
really (owing to the gas-light) yellow, this competition 
caused tlie yellow disks to appear pale. Another (axse illus- 
trates this disturbed judgment even better. In the first set 
of experiments it was found that the blue disk when illu- 
minated by gas-light really assumed a pure grey hue with- 
out any trace of blue ; but at night, although it must have 
sent to the eye this same pure grey light, it always appeared 
either l)lue, greenish-blue, or bluish-green ; in other words, 
the blue disk, Avhen held near the gas-flame, sent to the eye 
white light, which appeared hluey by contrast with the pre- 
vailing yellow illumination. It is hardly necessary to add 
that these causes affect our judgment of paintings and dec- 
orations at niglit to a very considerable degree, the blues 
being rendered less conspicuous, the blue-greys being mostly 
abolished, and the yellows losing in apparent intensity. 
Genuine ultramarine-blue is less affected than the other 
blues, cobalt and artificial ultramarine-blue becoming pur- 
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plish, and Prussian>blue quite greenish. It hence follows 
that paintings in which the blue tones are rather overdone 
appear often better by gas-light ; but this is hardly the case 
when the green hues are of somewhat too great strength, 
the evil seeming often to be exaggerated by artificial illumi- 
nation, which must of course be due to an act of the judg- 
ment, as the greens really assume a more yellowish appear- 
ance by gas-light or lamp-light, as was proved by the first 
set of experiments. From this it follows that, if the chro- 
matic composition of a picture is quite right for daylight, 
it will be more or less wrong when viewed by gas-light ; 
hence it would be desirable to illuminate picture galleries 
at night with some kind of artificial white light, a problem 
which the future will no doubt solve. 

All the appearances which have thus far been considered 
could be satiwsfactorily observed and studied by a person 
possessed of only a single eye. Let us now turn our atten- 
tion for a moment to some very remarkable phenomena 
which occur when different colours are presented to the 
right and left eye. This is a case which happens occasion- 
ally, particularly when we look at the reflection from pol- 
ished surfaces or from water. In order to simplify matters, 
let us take a case where, for instance, yellow light is pre- 
sented to the right and blue light to the left eye. It is 
very easy to make an experiment of this kind with the aid 
of the stereos(‘ope. Selecting one of the common paper 
slides, we colour it as indicated in Fig. 64, and then view 
it with the stereoscope. We have already seen that blue 
and yellow light when presented to the same eye undergo 
mixture on the retina and produce the sensation we call 
white. This would lead us very naturally to suppose that, 
if blue light were presented to the right eye and yellow to 
the left, the two sensations would be united in the brain 
and would call up that of white. The effect is, however, 
of a much more complicated character. Viewed in the 
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^gtefeoscope the figure will appear at one moment blue, 
then yellow, as though it had no permanent colour of its 
own ; sometimfes, again, the observer seems to see one col- 
our through the other, and is distinctly conscious of the 
presence of both occuj)ying apparently the same place, thus 
giving rise to the idea that the object might have at the 
same time two distinct colours. Meanwhile the little draw- 
ing assumes a highly lustrous appearance, as though it were 
made of polished glass ; this is quite beautiful, and strikes 
with some astonishment those who see it for the first time. 
After some little practice has been gained, the blue and 
yellow colours will melt into a lustrous blue-grey or pure 
grey tint now and then for a few seconds, when again the 



YEL 

7 


\ 

BLUE 

7 

Y. 

BLUE 

Y 



YELLOW 

a. 

/ 

YEL. 

\ 



BLUE 

\ 


Fig. 64. — Slide for the Stereoscope, the Right and Left Hand heing differently coloured. 


contradictory and confusing phantoms just mentioned will 
make their appearance. Taken altogether, the effect is 
quite wonderful, and suggestive of something like a new 
sensation. There has been a good deal of controversy as 
to whether a true blending or mixture of the two colours 
actually does take place in the brain. The experiments of 
De llaldat and Dove, and afterward of Liibeck, Foucault, 
and R%nault, all l>oint to this result. The results obtained 
by the author are also favorable to this view. But it must 
be confessed that the mixture obtained by this method dif- 
fers in one respect from those previously described. For, 
when coloured light is mixed with the aid of rotating disks 
or by Lambert’s method, we see only the resultant tint, the 
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two coraponents disappearing entirely to give place t6 it, 
On the other hand, in this binocular mixture of colours, the 
presence of each of the original colours is all the while to 
some extent felt, and we are disposed to say that we see a 
neutral or grey hue which has evidently been made out of 
blue and yellow. Careful experiments by the author 
proved that the tint of the true mixture often differed from 
that obtained by the use of the stereoscope ; colours which 
were pale, hoAvever, united more readily than intense ones, 
and gave less divergent resvdts.* The binocular mixture of 
colours always produces more or less lustre ; it is not even 
necessary to emploj^ distinct colours, the same effect being 
brought about by the mixture of a light and dark shade of 
the same colour, or simjjly by the binocular union of white 
and black, as was shown by Dove. The lustrous appear- 
ance of Avaves, ripples, and broken reflections in water is in 
each case mainly produced in this Avay, and hence, strictly 
speaking, can not be imitated by artists, who ai*e necessarily 
obliged to present the same colours, the same light or dark 
shades, impartially to both eyes. It is for reasons similar 
to the above that a somewdiat lustrous appearance is com- 
municated to an oil painting-, by varnish, or to a water- 
colour drawing by glass ; the eye sees the picture througli 
the light slightly reflected from the glass or varnisli, and is 
enabled apparently to penetrate beneath the mere surface 
of the pigment, and this slight illusion falls in with and 
helps the design of the artist. 


* “ American Journal of Science,” May, 1865. 



CHAPTER XI. 

COMPLEMENTARY COLOURS. 

In’ the previous chapter we fouTul that the mixture of 
two masses of coloured light in some cases ])roduced white 
light ; this was, for example, true of mixtures of ultrama- 
riiie-blue and yellow, or of red and greenish -blue. Any 
two colours which by their union produce white light are 
called complementary. An accurate knowledge of the 
nature and appearance of the complementary colours is 
important for artistic purposes, since these colours furnish 
the strongest possible contrasts. The best, in fact the 
ordy, method of becoming acxpiainted with the appearance 
of colours which are complementary is by actually studying 
them with the aid of suitable apparatus. The results thus 
obtained should be at the time registered, not in writing, but 
by imitating as far as possible the actual tints with brush 
and palette. By the aid of polarized light it is possible to 
lu'oduce with ease and certainty a large series of colours 
which are truly complementary. There are quite a number 
of instruments for accomplishing this, but perhaps the sim- 
plest and best is that which was contrived by Brlicke for 
this express purpose, and called by him a schistoscope. (See 
Fig. 65.) This little apparatus is merely a combination of 
a low-power simple microscope with a polar iscope, and can 
easily be constructed. Starting from below, P is a piece of 
white cardboard, which is fastened to the stand as indicated, 
and is consequently capable of being turned so as to reflect 
upward more or less white light, as may be required. N is 
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a NicoPs prism, which polarizes the light thus reflected ; it< 
is attached to a blackened stage, S. At A is a small square 
aperture two millimetres in size. C is a crystal of calc 
spar ; L is a convex lens of a focus such as to cause the two 
images of the square opening furnished by the calc spar 
just to touch each other. G and G are polished wedges of 
glass, the angles being 18° ; for rough experiments they 
may be dispensed with. In order to use this apparatus, 
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Fio. 65. — The Schistoacope, for the production of Complementaiy Colours. (TJrucke.) 

the tube containing the calc spar is to be moved till distinct 
vision is obtained of the square opening in the stage by 
the eye placed at L, or rather of the two square openings 
which will be seen ; the tube is then to be revolved till one 
of these images disappears entirely, and is to be left in this 
position. Besides the instrument it is necessary to provide 
a large number of thin slips of selenite or crystalized sul- 
phate of lime. If a clear transparent piece of this sub- 
stance is procured, it will be easy with a penknife to split 
off two or three hundred thin slips, and then with the 
aid of the instrument to select those which are worth pre- 
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I serving. To observe the colours it is only necessary to lay 
one of the slips on the stage between the calc-spar prism 
and the Nicol’s prism, and then to turn the selenite till two 
brightly coloured squares are seen, as is indicated in Fig. 
66. These two squares will always have colours which are 



Fig. 66.— Complementary Colours as exhibited by the Bchlstoscope of BrQcko. 

complementary. The object of preparing a large number 
of the slips of selenite is the production of a large series of 
complementary tints. The thinner slips furnish colours 
that are more saturated ; those which are thick give pale 
colours, or colours mixed with much white light. It will 
be found in this way that the following pairs of colours are 
complementary ; 

Table op Complementary Colours. 


Red. . (rrccn-bliie.* 

Orange Cyan-blue. 


* Following Helmholtz, most writers give bluish-green as the comple- 
ment to'red. These observations of Helmholtz were made on the spectrum, 
the field being small and only a single eye employed. Extended observa- 
tions with coloured disks, the hue of which can be studied in a more natu- 
ral way and with both eyes simultaneously, have convinced the present 
writer that the complement of vermilion is a very green blue, and even the 
complement of carmine is a very green blue rather than a blue-green. 
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Ultramar'me-blue. * ' , 

Violet. 

Purple. 


In Fig. 67 these complementary colours are arranged in 
a circle. They arc of course only a few of the pairs that 
can be noticed. The tints situated between red and orange 
will have complements lying between greenish-blue and 
cyan-blue ; those between orange and yellow, again, will 
find complements between cyan-blue and ultramarine-blue, 
etc. As before remarked, it is a good plan to copy the 
results with water-colours ; this fixes the facts in the mem- 
ory far better than mere momentary inspection. 



Fig. 67 ,“ Complementary Colours arranged in a Circle. 

To study the complementary colours with the aid of the 
spectrum is a much more troublesome process ; still, it is of 
interest for us to know that the results are the same as 
when polarized light is employed. Another point now de- 
serves consideration. It might be supposed that the lumi- 
nosity or apparent brightness of colours which are comple- 
mentary would bo the same, but this is far from being true ; 
yellow, for example, is much more luminous than its com- 
plementary blue, and the difference between greenish-yellow 
and violet is still greater. Helmholtz, using the pure col- 

* The complement of gemime ultramarine-blue is yellow, that of arti- 
ficial ultramarine being a greenish-yellow. The artificial pigment, or 
French blue, is a violet-bhie. 
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%ourB of the spectrum, ascertained that the order of the 
luminosities of the complementary colours is about that 
given in the following table : 

Yellow. 

Orange and green about the same. 

Red and cyan-blue about the same. 

Ultraraarine-blue. 

Violet. 

From tills it follows that a violet which appears to the 
eye quite dark is able to balance a briglit greenish-yellow, 
and form with it white, and the same is true of ultrama- 
rine-blue and yellow ; red and its complement green-blue 
have about the same luminosities ; orange is somewhat 
brighter to the eye than its complement cyan-blue. Tlierc 
is another way of stating these facts : we can say that in 
mixtures violet has a greater power of saturation than any 
of the colours ; next follows ultramarine-blue, then red and 
cyan-blue, etc. 

The method of studying complementary colours with 
the aid of polarized light and plates of selenite is simple and 
beautiful, but there are many cases which it does not reach ; 
above all, it fails to furnisn us with the means of ascertain- 
ing the complementary tints in just those instances which are 
of particular interest, viz., the pigments, "lliis happens be- 
cause the colours furriislied by the plates of selenite are for 
the most part quite like those of the spectrum, only mixed 
more or less wdth white light. AVe should seek in vain 
among them for good representatives of olive-greens or 
chocolate-browns and many other common tints. One of 
the problems that present themselves most frequently is to 
ascertain the complementary colour of some particular pig- 
ment or mixture of pigments. For the rough solution of 
such questions a method given by Dove can be employed : 
A small square of paper, an inch or less in size, is to be 
painted with the pigment in question and placed on a sheet 
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of black paper, and viewed through an achromatized prism^^ 
of calc spar. This is shown in Fig. 68, and hjis the property 



of furnishing when held before the eye two equally bright 
images of objects viewed through it. It is used in this ex- 
periment instead of a plain calc-sp^r prism, because it gives 
a greater separation of the two images, and thus allows the 
employment of larger squares of coloured paper. As the 
finding of the colour which is complementary to any given 
one depends entirely on experiment, a second j)iecc of pa- 
per, also an inch square, is now to be painted with the col- 
our which it is supposed will be complementary to the 
first, and the two painted papers are to be combined together 
with the aid of the (?alc-spar prism. Let us suppose that we 
wish to obtain the complement of a dull reddish-brown. 
The red-brown square is placed on the black paper ; beside 
it we lay a piece painted with a dull bluish-green grey, and 
arrange matters so that an image of the red-brown paper 
falls on one furnished by the blue-grey paper. If the two 
colours are complementary, their joint image will be white, 
or rather pure grey. If, instead of pure grey, it shows a 
tendency to reddish-grey or bluish-grey, the colour of the 
second slip of paper must be modified accordingly. This^ 
operation is facilitated by constantly comparing the tint 
obtained with that of a slip of pure grey paper, placed on 
the same sheet of black paper. When the process is fin- 
ished, the appearance will be that indicated in Fig. 69. 

The practical objections to this mode of experimenting 
are, that the calc spar reduces the luminosities of the col- 
oured papers, and that, owing to the imperfect means of 
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comparison, one is too apt to accept as pure grey any 
approximation to this tint. For all accurate work it is far 
better to employ Maxwell’s disks in the manner now to be 
described.* Let us suppose that we wish to obtain the 



Fi< 3 . 69.— -Iled-brown and Blne-groy are combined In the central Image, and form a Pure 
Grey. Below is a Grey placed for comparison. 


complement to a somewhat dark vermilion-red. The de- 
tails in an actual experiment were as follows : A disk was 
painted with the tint in question, and combined with two 
others painted with emerald-green and ultramarine-blue, as 
it was known beforehand that the desired colour would be 
a bluish-green of some kind. See Fig. 70, which shows 
also smaller black and white disks placed on the same axis 
for the purpose of obtaining a pure grey for comparison. 
It will be noticed that the red colour has been made to oc- 
cupy jiist one half of the disk, or 50 parts ; the remaining 
50 parts are to be divided up between the bine and green, 
as is found by experiment necessary. The result showed 


* Eor an account of Maxwell’s disks, see previous chapter. 
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that 50 parts of red were neutralized by 81 parts of emer/- il 
aid-green and 19 parts of artificial ultramarine-blue; the 
three colours gave a grey identical with that furnished by 
.18 parts white and 87 black. Putting this in the form of 
an equation, we liave : 50 red -f 81 em. -green -h 19 ult.-blue 
= 18 white + 87 black. 



?ifl. TO.— Emerald'p’een and I.T1- 
IramariiHvhluo Disks aiTaiij;:iid 
so as to neiitralizo iiV(i and {»ro- 
dtUM; with it A Puro (Jr<*y. 
tral Black and AViiitc Disk for 
the production of a Pure Oroy, 



Fig. T 1 .— Disks of Emerald -green 
and lJIt)'aTiiann e-blue arranged 
80 as to give a Colour Comple- 
mentary to Ued. 


The next operation is to mix emerald-green and ultra- 
marine-blue in the proportion of 81 to 19, which Avill evi- 
dently give us the correct complement of our red. As 
these two colours in tlie last experiment occupied exactly one 
half of the disk, it evidently will be necessary to double 
them if they are to be spread over a Avholo disk ; accord- 
ingly, Ave coml)ine them together, taking 62 parts of the 
green and 88 of the blue. (See Fig. 71.) This compound 
disk when set in rapid rotation gives ns accurately the com- 
plementary colour of our red. It is seldom in practice that 
so complete a result as this can be obtained ; for it is evi- 
dent that, if the red colour had been more luminous, it 
would have been impossible to balance 50 parts of it with 
50 parts of the blue and green, however arranged ; the 
resultant tint Avould ahvays have been a reddish’grey. 
Conversely, if the red had been less luminous, a similar 
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iiffioulty would have occurred : the resultant tint would 
have always bcien somewhat bluish green instead of pure 
grey. 

We give now an actual experiment which illustrates the 
way in which the matter usually falls out, and shows at the 
same time the nature of the result to be expected. It was 
desired to obtain the complement to a dull yellow, some- 
what like the tint of brown pasteboard. A disk was painted 
with this colour and combined with one of artificial ultra- 
marine-blue, the small black and white disks of coiirse 
being present. When this arrangement was set in rotation, 
it was found impossible to produce a pure grey, however 
the proportions of the blue and yellow disks were varied ; 
at the best the tint furnished was a purplish-grey. This of 
course indicat(‘d the necessity of adding some green to the 
blue : a disk of emerald-green was now added, when it was 
found that 4»5 parts yellow, combined witli 43 parts ultra- 
marine-blue and 14 parts emerald-green, gave a gj‘ey identi- 
cal with that furnished by 24 parts of white and 70 black. 
The equation then reads: 41 yellow^ -f- 45 blue + 14 green 
-- 24 white + 70 black. From this it follows that, by mix- 
ing ultramarine-blue and enu'rald-green in the proportion 
of 45 to 14, a colour complementary to our yellow^ could be 
obtained. We then divide up 100 in tlvis ratio, and assign 
76*3 parts to the blue an«l 23*7 to the green, combine the 
blue and green disks in this ratio, and by rotation obtain 
the complementary colour, which is a fine blue. This blue 
is, however, somewhat darker than the true complement of 
our yellow, for in the first experinjent the yellow did not 
occupy fullj one half of the disk, or 50 parts, but only 41 
parts if we had made it fill half the disk, tlie other col- 
ours would not have been luminous enough to balance it, 
and grey would not liave been produced. It is easy for us 
to calculate how much too dark the tint is which we have 
obtained as the complement of the yellow : if we call the 
luminosity of the true complement 100, then that which we 
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actually obtain is 69*5.* Hence, in using this complement?, 
we must always allow for the fact that it is less luminous 
than the true complement in the degree above indicated. 
Furthermore, no better result could be obtained with the 
disks of blue and green which were used ; to improve the 
result, it would have been necessary to alter them so that 
they would become able to reflect more blue and green light 
to the eye. On the other hand, if they had originally re- 
flected too much green aiid blue light, this might have been 
diminished with the aid of a black disk, and the true com- 
plement accurately obtained. Hence it follows that we can 
obtain the true complement to a given colour with accu- 
racy only in those cases where we have at our disposal rep- 
resentatives of this complementary colour which are sufli- 
ciently intense — that is, at the same time luminous and 
saturated. The practical effect of this is, that we can not 
directly obtain the complementary tints of the most intense 
of the warmer pigments, such as carmine, vermilion, red 
lead, chrome-yellow; the colder pigments, like emerald- 
green, cobalt-blue, Prussian-blue, ultramarine, etc., all fall- 
ing considerably below them in intensity. 

For many purposes it is convenient to possess a set of 
disks arranged in pairs and representing the main comple- 
mentary colours. It would of course require much time 
and patience to construct a set in which the colours w^ere 
quite correct in the matter of hue and also in that of lumi- 
nosity ; and in such a set, with the pigments at bur disposal, 
the red and orange hues would be quite dull, and the yel- 
lows little more than browuis or olive-greens, for the reason 
above given. The author recently constructed a set in 
w'hich the hues w^re nearly correct, and the luminosities as 
favourable as could be obtained without too much expendi- 
ture of time and trouble. Their relative intensities as 
pairs were also determined, as w^oll as tlie amounts of white 
light which they furnished wdien combined in pairs. 

* See appendix to this chapter. 
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Table of Complementary Disks. 


Colour. 

Intensity. 

Colour. 

Intensity. 

Amount of white 
H^ht furnished 
by the couibi- 
nutiou. 

Carmine 

100 

Rlue-grcen 

68*6 

26 

Veimilion 

100 

Green-blue . . . 

66-2 

25*8 

Orange 

100 

Greenish-blue. 

88-7 

27-2 

V’^l‘l)oW 

100 

Blue 

04-5 

26*6 

Greenish-yellow. . 

89-V 

Freuch-bluc . . 

100 

28-9 

-yellow. . 

88*7 

Violet 

100 

32-2 

Green 

100 

Purple 

86'9 

25-7 


It, will be noticed that an attempt was made to have the 
set so arranged as to furnish in each case, as far as possible, 
about the same amount of white light, so that in this re- 
spect the disks should have nearly the same rank. For an 
account of the pigments that were used, the reader is re- 
ferred to the appendix to the present chapter. With the 
aid of this set of complementary disks, hundreds or even 
thousands of pairs of complementary colours can be quickly 
produced. This is effecteil by combining any pair either 
with Avdiite or with black, or with both. For instance, all 
the reds darker than carmine can be obtained by combining 
the carmine disk with different proportions of a black disk, 
the corresponding complementary colours being furnislied 
by the blue-green disk similarly treated ; in the same way, 
the reds paler than carmine and their complements are to 
be obtained by the addition of a white disk ; and finally, 
all the complementary red and blue-green greys are yielded 
by adding a white and a black disk to either of the two 
coloured disks. Hence it will he seen that, though a set of 
disks of this kind costs some trouble at the start, yet after- 
ward it more than repays the labour, by quickly supplying 
us with a vast range of colours which are either t^'uly com- 

M 2 
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plementary in all respects, or defective only in tne matter 
of luminosity to a calculable extent. c 

We come now to a matter which at first sight will seem 
strange. We have seen that every colour has its comple- 
mentary colour, but more than this is true : every colour 
has many different complementary colours. This may best 
be illustrated by an experiment. Let us suppose we wish 
to study the colours which are complementary to that of 
our green-blue disk: We combine tliis disk with one of 
vermilion, to which it is complementary, so that we have 
50 parts of green-blue and as much vermilion as is found 
necessary. Now, as considerably less than 50 parts of ver- 
milion will represent the complement of our green-blue, we 
fill up the blank space left by the vermilion with black. 
After being adjusted so as to give a grey, the disk was 
found to be arranged as indicated in Fig. 72. It was found, 
namely, that 50 parts of green-blue were just balanced and 
neutralized by 27 parts of vermilion, leaving 23 parts of 
the disk to be occupied by black. To render visible this 




Ft(!. 72 .— r;rof*n-blii<‘ juid thoonm- 
iilt'inentiuy jiiuonnt. of V orniilion. 


Fir,. 7.S — This Dish by rotation 
pivosono ol'tlu! Comi>K‘nienL3 
of Oreon-bhu*. 


complement of the green-blue, we combine a black and ver- 
milion disk in the proportion 23 to 27, or, what is the same 
thing, in that of 40 to 54, and rotate it. (See Fig. 73.) This 
furnishes us with a somewhat dark vermilion-red ; it is one of 
the eomploments of the green-blue. If we now replace the 
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l^lack in Fig. 72 by white, the proportions still remaining 
as 46 to 54, we^produce a light-reddish flesh tint, quite dif- 
ferent in appearance from the dark-red colour before ob- 
tained, but still accurately complementary to our green- 
blue, since it contains the same amount of red. If the 46 
parts of black are gradually replaced by white, a series of 
tints will be obtained differing in luminosity, but all red- 
dish, and all complementary to the same green-blue. The 
sot of complementary disks above described furnishes great 
facilities for studying the different appearances assumed by 
pairs of complementary colours under these circumstances. 

Another i)oirit now deserves attention. Suj)pose that 
we select by daylight two painted surfaces wdth colours 
that are strictly complementary — for instance, red and 
green-blue. Afterward, if we view these two surfaces by 
lamp-light or gas-light, it will not at all follow that the 
colours w^ill still neutralize each other and remain comple- 
mentary. It is easy to experiment on this matter with the 
aid of our set of complementary disks. By daylight it was 
found that 41 parts of carmine neutralized 59 parts of green- 
blue and gave a true grey : by gas-light these colours were 
no longer complementary, but, in the above-mentioned pro- 
portions, furnished a pretty strong red-purple. Experiment- 
ing still by gas-light, tlie red Avas reduced to 29 parts and 
tlie green-blue increased to 71, w^hen the tint of the mixture 
became less red, but still neutralization could not be effect- 
ed : the two colours had by gas-light ceased to be comple- 
mentary, and it was found necessary to add ld'5 pa';'ts of 
green to reestablish this relation between tliem. The same 
fact 'was observed wdth the following pairs of complemen- 
tary colours : 


Vermilion and green-blue. 
Orange “ cyan-blue. 
Yellow “ blue. 
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With the pair greenish-yellow and iiltramarine-hlue, the* 
effect was reversed : it was necessary by gas-light to re- 
duce the greenish-yellow somewhat and to replace a portion 
of it by orange. The pairs greenish-yellow and violet, 
green and purple, remained complementary alike by day- 
light and gas-light. The following table shows the results 
when the disks were arranged so as to appear complemen- 
tary by daylight and by gas-light : 


Colours. 

By dnylig:ht. 

By gas-light. 

40*7 carmine and 59*3 green-blue 

Grey. 

K 

Red-purple. 
Purplish -red. 
Purplish-red. 
Greyish-purple. 

Greenish-grey. 

Grey.f 

Grey.f 

36 vermilion and 64 grecn-bluc 

47 orange and 53 cyan-blue 

il 

39‘2 yellow and 60*8 blue. 

<( 

62*7 grecuish-ycllow and 47*3 French- 
blue 


63 gretnifih-yfJlov) and 47 violet. , . .... 

(( 

46*5 green and 53*5 purple.. . , 

Cl 




Below follow the proportions when the disks appeared 
complementary by gas-light : 


Colours, 


By dayl}»:ht. 


iBy fffts-lig’lit. 


29 carmine, 67 green-blue, and I I green Strong green. 

27 vermilion, 67 green^bhie, and Id green . . 

37 orange, 50 cyan-bhie, and 13 green -Strong green-grey. 

37*5 yellow, 56 blue, and 65 green ; Greenish -grey. 

45 greenivsb-yellovv, 48 rrench-bliie, 7 orange, rurpHsh, 

52 ^reemsA-yellow, 48 violet iGrey. 

47 green, 63 purple I “ 


Grey.f 

u 

c( 

Ci 

<i 

(( 


These changes depend on two causes. First, the coraposi- 

Artificial ultramarine-blue. 

f Really a dark yellow, which appeared by gas-light grey. 
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tioVi of gas-light is different from that of white light ; the 
violet, blue, and greenish-blue rays in gas-light are com- 
paratively feeble, and, owing to this circumstance, the disks 
must of course present a different appearance when illumi- 
nated with it, the violet, blue, and green-blue pigments ap- 
pearing relatively darker, Tliis circumstance would, how- 
ever, merely require us to use more of these hues, and would 
not necessitate the introduction of foreign colours, ddie 
second cause is that by gas-light we are able to effect neu- 
tralization only when the mixture of the two colours has a 
tint similar to that of the general illumination itself, which 
in this case is not white, but yellow, inclining toward or- 
ange, It folloAvs from these experiments that if red or 
orange is to be contrasted with its complement by gas-light, 
it will be necessary to make the contrasting colour more 
greenish than would be allowable by daylight ; the same is 
true to a less extent of orange-yellow and of yellow itself. 

Leaving these ))racti(*al matters for a moment, let us 
turn onr attention to a (touple of theoretical points which 
are not without interest. In a previous clia]:)ter we liavo 
seen tliat colour vari(‘s with the length of tl\e waves of 
light : knowing this, we are very naturally led to inquire 
whether there is any fixed relation between the lengths of 
weaves which produce upon us the sensations of comple- 
mentary colours, l^pon vstudying the matter with the help 
of a chart of the normal s|)ectrum, we find that no such 
relation exists, owing to the circninstance that the ehangc 
in colour in different j)arts of the spectrum is not directly 
proportional to the cliange in wave-length, as was pointed 
out in a previous chapter. ITelmlioltz found that the rela- 
tion which does exist is not a fixed one for all the different 
pairs *of complementary colours, but that it varies consider- 
ably. With some of tlie pairs this relation is as 1 to 1’2, 
in others as 1 is to ; or, using the musical notation, 

we would say that the relation varies from that existing 
betw'een a note and its fourth to that between a note and 
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its diminished third. This is one of the many facts which 
are fatal to any chromatic theory that has a musical basis 
for its foundation. 

The other matter demanding our attention is the mode 
in which the phenomena of complementary colours are ex- 
plained by the theory of Thomas Young. In a previous 
chapter we saw that a mixture of red, green, and violet 
light, when presented to the eye, produced the sensation of 
white ; and in the present chapter we have fourid that this 
same sensation can be produced by the mixture merely of 
two properly selected colours. Now, according to Y'oung’s 
theory, the sensation of white is ])roduced when the three 
sets of nerve-fibrils with which the retina is provided are 
stimulated to about the same degree of activity ; hence it 
must follow that Uro colours can stiniulate all the three sets 
of nerves as elf ecdu ally as the three fundamental colours. 
It is this fact tliat we are called on to account for, and the 
explanation in the princi|)al cases is as follows : 

Red and gr(‘en-blue are complementary colours, because 
red light stimulates the red nerves, and green-blue light 
both the grecTi and violet nerves; the joint action of the 
three sets gives white light. Orange and cyan-blue is the 
next pair : orange light sets in action the red nerves power- 
fully, also somewhat the green nerves ; cyan-blue sets in 
action the green and the violet nerves ; all three sets of 
nerves acting, the result is the sensation of white. The 
ease is much the same witli yellow and genuine ultramarine- 
blue : both colours stiniulate two sets of nerves ; that is, 
the yellow acts on the red ami green nerves, the blue on 
the green and violet nerves. With green and purple the 
first colour acts of course on its own sot of nerves, the sec- 
ond on the red and violet nerves. All this is strictly in 
accor< lance with the principles of Young’s theory, as will 
be found by reference to the chapter in which it is ti*eated. 

This explanation enables us to understand a fact which 
otherwise might appear quite strange, viz. : that if we take 
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^away from white light any colour, the light which remains 
will have the .complementary hue, Tliiis, if we strike out 
from white light the orange rays, the remainder will appear 
of a rather pale cyan -blue. The table of complementary 
colours explains this result ; tlius. 


K«d and groen-blue iriako White. 

Orange and cyan-blue make White. 

Yellow and blue make White. 

(Iroou-yellow and violet, make White. 

Green and purple make White. 


All these five pairs of colours are present in white light. 
If we remove from it orange, then cyan-blue is the only 
colour which is not neutralized ; all the other colours bal- 
ance up and make white liglit, which mixes with and pales 
the uncoinhined cyan-blue. The explanation is the same in 
all the other cases. It follows from this that the comple- 
mentary colours produ(t<‘<l by tlie method of striking out a 
colour are rendered rather pale by tin* presence of a consid- 
erable amount of white light. This is the reason why the 
complementary colours ol)tained by the use of polarized 
light arc always rather j)ale. The presence of this white 
light, as will he shown in the following chapter, actually 
somewhat alters the tint of the coloured light mixed with 
it ; red is made to iiudine to purple, orange to red, purple 
and ultrainariiie to violet. 

Before closing this chapter it may he well to make some 
remarks concerning the complement of pure yellow, end 
the complements of the several varieties of the more com- 
mon blue pigments. In different works tiie complement of 
yelloT^ is given as indigo-hluc, ultramarine-hlue, or simply 
as blue. Gemiine ultramarine-blue is complementary to 
pure yellow, the complement of artificial ultramarine-blue 
being a decidedly greenish-yellow. Gamboge gives a yel- 
low w^hich is slightly orange ; its complement is the pig- 
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ment known as cobalt-bhie. The com])leineTit of Prussian- 
blue was <Iet(‘rmined and found by the author to be a 
soraewhat orange-yellow ; it was made by mixing with a 
rotating disk 65 parts of pale chrome-yellow with 35 parts 
of vermilion. The complement of indigo, used as a water- 
colour pigment, was also determined with care, and found 
to correspond quite closely with that of Prussian-blue ; it 
lienee follows that indigo may be considered to be the same 
as darkened Prussian-blue, and not to represtnil, as some 
authors have suggested, darkened ultrainarine-blue. The 
term indigo was applied by Sir Isaac Newton to designate 
the more refrangible blue of the sjiectrum ; to this it does 
not really at all correspond in any respect, and in the pres- 
ent work the term ultramarine-blue is substituted for it. If 
the different blues be arranged in the order of the spectrum, 
we sliall have cyan-blue, indigo or Prussian-blue, cobalt- 
blue, gfuiuine ultramarine and artificial ultramarine, the last 
being a violet-blue. Among the yellow pigments the some- 
what orange-tinted chrome-yellow is comyilementary to in- 
digo and IVussian-blue ; chrome-yellow with a still more 
orange hue has a complement nearer to cyan-blue. 


APPENDIX TO CTIAPTEP XI. 

Tue mode of caleulatin^ the relative intensities of pigments 
which are compIcinentaTy is quite simple, and is here illustrated ]>y 
an example. Let us suppose that 25 parts of a certain red neutral- 
ize 75 parts of a green- blue. The compound disk will then appear 
as in Fig. 74. It is evident that the intensity of the green-blue is 
only one third of that of the red, since it takes three times as much 
green-hlue as red to effect neutralization. Let I he the greater in- 
tensity and r the lesser ; then we liave — 

25 1 = 75 r 

Making the greater intensity 100, we have — 
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25 X 100 = 75 r 
r = 33-3 



Flo, 74. — Disk witli ‘25 Parts Kdd and 76 PartB Green-ldue. 


That is, if we eall the intensity of our red 100, that of the greon- 
blue will be only In the case given in the present chapter wo 

have — 


41 1~59 r 
11 X 100 = 59 r 
r — 09-5 

PIGMENTS USED IN THE SET OF OOMFLEMENTAPY DISKS. 

Caririine as a water-colour; for its complementary green-bhio, a 
inixtiire of cobalt-blue and emerald-green. 

Yermilion as a water-colour ; for its complement the >same as 
above, tlie ]»roportions being changed. 

For the first two ])air3, then, we can emjdoy two of our most 
intense and saturated pigments; this, however, is not possil>le witli 
orange and yellow, witlioiit producing disks of a rank different from 
tlie preceding, or obtaining disks wlii(‘h show groatiu' differenci ^ in 
luminosity than any which have been tolerated in the table given in 
the present chapter. Thus a fine orange colour was mixed from 
red load and Indian-yellow, which would have been considered by 
most painters, as I suppose, a fair companion for the carmine and 
vermilion ; or, if objection had been made, it would have been 
rather to its want of intensity. Placing the intensity of this orange 
as 100, the intensity of its complement (made of cohalt-hluo and 
emerald-green) was only 47, a figure smaller than any in the table. 
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These two colours, however, furnished a white such as could be 
obtained by mixing, with the aid of disks, 36 parts of white with 64 
of black; this number is considerably higher than those allowed in 
the table. The combination then was rejected, because it was faulty 
in tw^o respects, and a dull-looking orange substituted for it. This 
dull, rather poor-looking orange balanced its complementary cyan- 
blue well, and with it gave 2T per cent, of white light, which w^as 
fully up to the average, and proved that in the matter of luminosity 
it belonged in the set rather than the disk just mentioned. 

A similar experience was encountered with yellow. Two beau- 
tiful disks were prepared wdth gamboge and cobalt-blue. Setting 
the intensity of tlio gamboge as 100, that of the cobalt was 90, 
which was nearly what was wanted. The combination, however, 
gave on rotation a white which was about 100 per cent, too briglit, 
showing that tlio two disks belonged in a set such as would be fiir- 
nisbed by pigments twice as bright as tliose employed by me ; but 
no such pigments exist. This is only another illustration of the 
fact, already several times mentioned, that our bright-yellow pig- 
ments, sucli as gamboge, chrome-yellow, cadmium-yellow, etc., can 
not properly be reckoned as the equal conjpanions of the other pig- 
ments ordinarily found on tlie painter’s palette. This circumstance 
affects our judgment, and we are surprised at the lack of brilliancy 
of tlie yellow space even in the prismatic speetnim, and at the fact 
that mixtures of red and green light produce yellow light of so infe- 
rior a character. On the otlicr hand, the possession of sncii excep- 
tional pigments as the l)riglit yellows and orange-yellows enables 
the artist at will to extend his scale of brilliancy in an upward 
direction much farther than otherwise would be possible. 

Tlte greenish-yellows wore made with gamboge mixed with a 
little Prussian-blue, the pigments being laid, not on drawing-paper, 
but on rather absorbent cardboard, which dulled the colours to a 
desirable extent. For violet, “Hoffmann’s violet B. B.” was em- 
ployed, none of the violet pigments used by artists being of the 
slightest use on account of their very dull appearance and poverty 
in the matter of violet liglit. The green was made by mixing a 
little chrome-yellow with emerald-green ; the x>tirple was “ Hoff- 
mann’s violet R. R. R.” 



CHAPTER XIT. 

ON THE EFFECT PRODUCED ON COLOUR BY A CHANGE 

IN LUMINOSITY, AND BY MIXING IT WITH WHITE 

LIGHT 

In our study thus far of coloured surfaces it has been 
tacitly assumed that their action on the eye is a constant 
one, and that a red surface, for example, will always appear 
red to a healthy eye as long as it remains visible. In point 
of fact, however, this is not quite true, for it is found that 
coloured surfaces undergo changes of tint when they are 
seen under a very bright or very feeble illuminatiou. Ar- 
tists are well aware that scarlet cloth under bright sunshine 
approaches orange in its tint ; that green becomes more 
yellowish ; and that, in general, a bright illumination causes 
all coloiirs to tend somewhat toward yellow in tlicir hues. 
Helmholtz, Hezold, Ruth erf urd, and others have made simi- 
lar observations on tlie pure colours of the prismatic- spec- 
trum, and have found that even they undergo changes 
analogous to tho*se just indicated. The violet of the spec- 
trum is very easily affected : Avhen it is feeble (that is, 
dark), it approaches purple in its hue ; as it is made strcag- 
Or,' the colour changes to blue, and finally to a whitisb-grey 
with a faint tint of violet-blue. Tlie changes with the 
tiltralnarinc-hlue of the spectrum follow the same order, 
passing first into wsky-blue, then into whitish-blue, and final- 
ly into white. Green as it is made brighter passes into yel- 
lowish-green, «and then into whitish-yellow ; for actual con- 
version into white it is necessary that the illumination should 
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bedazzling. Red resists these changes more than the other f 
colours ; but, if it be made quite bright, it passes into 
orange and then into bright yellow. 

It is remarkable that these changes take place with the 
pu7'e colours of the spectrum ; but the explanation, accord- 
ing to the theory of Young and Helinholtz, is not difficult. 
Let us illustrate it by an example, taking the case of green 
light, which, as we have seen, acts most powerfully on 
what we termed tlie green nerves, less powerfully on the 
red and violet nerves. Now, as long as the intensity of our 
green light is small, it acts almost entirely on its own pecu- 
liar set of nerves ; but, when the green light is made bright- 
er, it begins to set into action also the red and to a I(3sser 
extent the violet nerves ; the result of this is that the sen- 
sation of white begins to be mingled witli that of green, all 
three sets of nerves being now to some extent in action. 
As in this jnocess the violet nerves lag behind, the main 
modification of the colour at this stage is due to the action 
of the red nerves, which cause it to appear more yellowish ; 
hence it changes first to a yellowish-green, then to greenish- 
yellow, and finally, if the liglit ks very bright, to a whitish- 
yellow. Corresponding to this, when red light is made 
very bright, the red and the green nerves arc set into ac- 
tion, the result being that the colour changes in appearance 
from red to yellow. In this case the violet nerves play a 
secondary part, and their action merely causes this yellow 
to appear somewhat whitish. When pure violet light is 
made quite bright, immediately tlui green nerves begin to 
add their action to that of the violet, and the tint quickly 
changes from violet to ultramarine-blue ; the red nerves are 
soon also stimulated, and, in connection with the green, fur- 
nish the sensation of yellow ; this yellow, mixing with that 
of the ultramarine-blue before mentioned, gives as a result- 
ant tint a whitish-grey with a faint tint of blue or violet- 
blue. The explanation of the changes which the interme- 
diate coloin*^ of the spectrum undergo is analoofous to tin?: 
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ju{5t given. The tendency in all cases is to the production 
of a yellowish- white, or to a white, if the coloured light be 
very bright. If its brightness be more moderate, the col- 
our will still appear paler and as though mixed with a cer- 
tain amount of yellow. Artists, by taking advantage of 
these facts, are able to represent in their paintings scones 
under high degrees of illumination. According to Aubert, 
tlie whitest white paper is only 57 times brighter than the 
darkest black paper ; and it is within these narrow limits 
that the painter is compelled to execute his design : hence 
the necessity of employing illusions like the one just men- 
tioned. Many eifccts in nature are beautiful and striking, 
as much on account of their high degree of luminosity as 
for any other reason. The artist is not able to transfer to 
his canvas the brightness, which in this case is really the 
attractive element ; but by the use of pale colours, well 
modulated, he suggests a Hood of light, and we are delight- 
ed, not so much with the pale tints as with the recollections 
they call up. 

We have just examined the remarkable alterations which 
the pure colours of the spectrum undergo when their lumi- 
nosity is made very great, and pass now to the changes 
which occur when the intensity of coloured light is made 
very feeble. Von Bezold lias made some interesting obser- 
vations of this character on the colours of the spectrum. 
With a very bright prismatic spectrum he was able to see 
a piire yellow near I) and a whitish-blue near F, the other 
colours being in their usual positions. When the illumina- 
tion was only moderately bright, the yellow space dimii- 
ished and became very narrow ; the ultramarine-blue van- 
ished, and was replaced by violet. With less illumination, 
the orange-yellow space assumed the colour of red lead, and 
the yellow vanished, being replaced by a greenish tint ; the 
cyan-blue was replaced by green, the hlue and ultramarine- 
blue by violet. The spectrum at this stage presented scarce- 
ly more than the three colours, red, green, and violet. With 
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a still lower illumination, the violet vanished, the red be- 
came red-brown, and the green was visible as a pale-green 
tint ; then the red-brown disappeared, the green still re- 
maining, though very feeble. With still less light, even 
this suggestion of colour vanished, and the light appeared 
simply grey. 

The tendency in these experiments is evidently just the 
reverse of what was observed where the illumination was 
very bright. In that case the coloured light as it increased 
in brightness gradually set all three sets of nerves into ac- 
tion, and the result was white or yellowish-white ; but here 
the action of the coloured light as it grows feebler is Uiore 
and more confined to a single set of nerves. From this it 
results that those colour-sensations which are due to the / 
joint action of two sets of nerves speedily diminisli when 
the colour is darkened, and ai^c replaced by the primary 
sensations, red, green, or violet. The sensation of orange 
is produced by those light-waves in the spectrum which 
have a length such as to enable them to stimulate the red 
nerves strongly and the green nerves to a lesser degree ; 
hence, when orange-coloured light is made very weak, it 
fails to act on the green nerves while still feebly stimulat- 
ing the red, and conseciuently the sensation of orange passes 
over into red. For similar reasons the sensations of yellow 
and greenish-yellow pass into green, as do also those of 
greenisli-blue and cyan-blue ; in the same way the sensa- 
tions of blue, ultramarine-blue, and violet-blue pass into 
violet. It is quite evident that these changes furnish an- 
other argument in favour of Young’s theory of colour, and 
also tend to approve the selection of red, green, and violet 
as the fundamental colour-sensations. 

In the experiment of Von llezold just mentioned^ after 
the spectrum liad been darkened to a certain degree only 
three colours remained — red, green, and violet ; this dark 
red, however, as far as sensation goes, is somewhat changed 
in character, and, according to the unpublished experiments 
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of Charles Pierce, has become somewhat piirj^lish ; tlie same 
is true of the green, which is more bluish ; the violet alone 
is unchanged. Now, just these same effects can be produced 
by mixing small cpxantities of violet with red or green; 
hence the final effect of darkening on all the colours of the 
spectrum is virtually to mix them with increasing (juanlities 
of violet light. The cause of these peculiar changes, ac- 
cording to the theory of Young and TTelmholtz, resides in 
the fact that the violet nerves act more powerfully, rela- 
tively to tlie red and green nerves, when the light is feel)le. 
For example, if wo present to the eye pure* green light, it 
will stimulate the green nerves strongly, the red and violet 
to a much less degree : we thus ol>tain a certain sensation, 
and call it green. Tf now we greatly diminish the intensity 
of the green liglit, it will of course affect the green nerves 
to a minor degree ; but, besides tliis, it has now less action 
on the red than on the violet nerves, so that virtually we 
have a mixture of green and violet, which will cause the 
green to appear bluish-green. The same explanation holds 
good for the red, dull red light producing less effect on the 
green than on 'the violet nerves. 

The eliange whicli colour undergoes when darkened is 
interesting from a practical point of view ; and acconiingly 
the aiitlior made a series of experiments on this sul)ject, 
using for that purpose coloured disks and the iiietliod of 
rotation. In these experiments we do not deal with the 
pure colours of the s])cetram, l)ut witli surfaces ]>aiTi ted 
witli brilliant pigments, which correspond more nearly to 
the cases that present tlicmselves to the artist and det'orr- 
tor. A black disk was in each case combined with a col- 
oured disk, as indicated in Fig. 75 ; a smaller disk of the 
same colour being either attached to the axis for compari- 
son or held from time to time near the rotating disk. It 
was ascertained by previous experiments that the amount 
of Avhite light reflected by^ the black disk was small ; if we 
set tlve amount of ligbt reflected by white cardboard as 100, 



1S6 


MODERN CHROMATICS. 


tlicn the black dhk which was employed on this occasion 
reflected two }>cr cent, of white light, or * The colour of 
the painted disks was in every case as intense, saturated, 



Fiti.Tii. — Chromo-yc'llmvarul Elack Disks 
in coiikbiiiiition. 



Fro. 76. — The <lisk of Fifjf. wlion ii 
rotation bo<’Oinos eolonrc<i olive- ^rooii. 


and brilliant as possible. Tlie results obtained by rotation 
— that is, by reducing the luminosity of tlie coloiir.s by mix- 
ing black with them — are briefly indicated below : 


Tadle I. 


jVamo of (’olour. Effort of rodurinpr its fjiminosity. 

FurAlamental red (carmine ? . 

aiid ve”milio7i) ( cliangod, or mad(‘ {jurplish. 

Vermilion More red, lo^s oraiigo-red. 

Red lead More red, less oraugo-red. 


Orange Brown. 

Chrome-yellow or gamboge. Olive-green. 

Greenish-yellow More greenish. 

Yellowish-green More pure green. 

Fundamental green Not changed, or made dighUy more bluish. 

Emerald-green More green, less blue-green. 

Blue-green More green, less bluish. 

Cyan-blue More greenish. 

Prussian-blue Dark grey-blue (not ebanged). 

Cobalt-blue Dark grey-blue (not changed). 

Fltramarine-bluc (artificial). More violet, kjss blue. 

^b>let Dark violet. 

More violet, less rod. 

Carmine Not much changed. 
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will be noticed that these results correspond more or less 
closely with thDse of Von Bezold, before given. 

Some of the changes in the experiments just mentioned 
were so great as to be quite astonishing, and might well 
tempt the beholder to believe that the black disk exercised 
some peculiar influence on the result ; this, however, was 
not the case, as the same results can be obtained without 
the black disk by simply reducing the illumination of the 
coloured disks by holding before the eye twoMicol’s prisms, 
and turning them so as gradually to cut oil* the coloured 
light. On the other hand, if the tints that are obtained by 
using the black disk give the true appearances of surfaces 
painted with pure pigments, but viewed under a feeble il- 
lumination, then accurate copies of them ought, when power- 
fully illuminated, to appear once more briglitly coloured, 
and of tlie original tints. This was found to be the case, 
for example, with gamboge, wlierc the change in colour by 
darkening Avas from a slightly orange-yellow to a fine olive- 
green. The olive-green colour was (carefully co])ied with 
water-colours on a slip of j)a])cr, and afterward held in 
bright sunlight ; this caused it to appear yellowy and made 
its colour resemble tl^at of the gamboge disk placed near it, 
but in the shade. 

The general result of these experiments is, that, if the 
illumination is feeble, the colours hccome weaker, and there 
is on the Avhole a general tendency toward a darkish blue ; 
just as in the reverse case, wJicu’e the coloiii's are made v(wy 
briglit, there is a tendency toward a whitish-yellow. This 
average tint can best be studied by observing moonliglit 
effects : liere the more luminous colour appears to be a 
somewhat greenish-blue, the darker shades more like an ultra- 
marine-blue. With regard to this delicate point, the paint- 
ers of moonliglit landscapes are as good an authority as we 
have, and the best of them are A^ery decided as to the prev- 
alence of various shades of blue, greenish-blue, and violet- 
blue. Similar effects, though smaller in degree, are ob- 
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served on dull, cloudy days, when the prevailing tint is a 
bluish-grey. Indeed, as Helmholtz remarks, simply view- 
ing a sunlit landscape through a pale-blue glass suggests the 
idea of a cloudy day ; while reversing the process, and 
viewing a landscape on a dull, cloudy day through a pale- 
yellow glass, gives the impression of sunshine. Correspond- 
ing to this, accidental streaks of yellow ochre or sawdust 
on the shaded pavement often suggest forcibly the idea of 
stray sunbeams ; and other examples of this kind of illu- 
sion might be mentioned. If we mix lampblack directly 
with pigments on the palette, their colour will of course be 
darkened, but the effects produced are not identical with 
those obtained by the method of rotation. Paper was 
painted with a strong wash composed of carmine and lamp- 
black, which imparted to it a dark-reddish, purplish hue. 
From tills a disk was cut and an attempt made to match its 
tint by mixing, according to the method of rotation, car- 
mine and lampblack. In order to accomplish this, it w^as 



FiO. TT.— Small central Uisk composod of Cardboard washed with a Mixture of Car- 
mine and LampMaefc, This is nearly matched by disks painted with carmine, black, 
and white, in the proportions indicated. 

found necessary to introduce into this rotation-mixture a 
quantity of white ; the best match being effected wlien the 
compound disk was arranged as indicated in Fig. 77 . This 
shows that the saturation or intensity of a coloured pigment 
is greatly reduced by mixing lampblack with it on the pal- 
ette, and is one reason w^hy artists refuse to adopt this 
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method of producing dark shades of colour. The mechani- 
cal mixture ofi lampblack with pigments, besides reducing 
their saturation, also usually at the same time changes some- 
what their hue. In the experiment just mentioned, after 
matching the two colours as well as possible, it was found 
that the carmine which had been mixed with lampblack on 
the palette was more violet in hue than that which had been 
mixed with black optically. Corresponding results were 
obtained with vermilion when mixed mechanically and op- 
tically with lampblack. In the first case the colour was 
more of an orange-red hue than in the last. Prussian-blue 
and lampblack on tlic palette give a much more greenish 
tint than when mixed by rotation, and similar changes can 
be observed with many other pigments. 

We have seen thus far that, as we change the luminosity 
of a coloured surface, so do we at the same time affect its 
hue, all coloured surfaces when very bright tending toward 
a whitish-yellow tint. Changes in luminosity, Iiowever, 
produce still other effects which are quite remarkable. If 
we arrange by ordinary daylight sheets of red and blue paper, 
which have as far as we can judge about the same degree 
of luminosity, and then carry them into a darkened room, 
wc sliall l)e surprised to find that the blue papers ap]>ear 
brighter than the red. Indeed, the room may be dark- 
ened so as to cause the red paper to appear black, while 
the blue still plainly retains its colour. These facts seem 
first to have been recorded by l^urkinje and Dove. By 
similar experiments it can be proved tliat red, yellow, 
and orange-coloured surfaces are relatively more luminou, 
when ex])osed to a bright light than blue and violet sur- 
faces ; the latter, on the other hand, have tlie advantage 
when the illumination is feeble. Thus Dove noticed a long 
time ago that this circumstance disturbs somewhat tlie bal- 
ance of the colours in paintings, if the observer lingers in 
a picture gallery as the tAvilight deepens. From this it 
follows that the chromatic composition of a painting should 
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be somewhat varied, accoi'ding as the picture is likely gcu; 
erally to be seen under full daylight or in a darkened room. 
More attentfon would no doubt be paid by artists to this 
point if they were not obliged to contend with a still more 
serious obstacle in the large change which the tint of the 
illuminating light undergoes, according as daylight or gas- 
light is employed. 

It follows from what has just been said that photomet- 
ric comparisons of the brightness of differently coloured 
surfaces, if made under bright daylight, will no longer hold 
good in twilight, and that consequently we can not under a 
certain illumination establish photometric relations that 
shall hold good under all other illuminations. For exam- 
ple, wc may find under ordinary daylight that a certain 
piece of blue paper is just half as luminous as a piece of 
red paper ; but it by no means follows that this statement 
will be true in a darkened room. Helmholtz found that 
even the pure colours of the spectrum act in this same man- 
ner, particularly yellow and ultrarnarine-bliie, or greenish- 
yellow and violet, the changes with the other colours 
being smaller. This fact suggests an interesting experi- 
ment : Yellow and iiltramarine-blue, are complementary, 
that is, together make up white light ; suppose now we 
mingle yellow and ultramarinc-bluc so as to produce white, 
a high degree of illumination being employed ; will they 
still produce wdiite if they are both correspondingly dark- 
ened ? We rniglit very naturally suppose that the blue 
would not outweigh the yellow, and that instead of white 
we should obtain bluish-white. This was, however, found 
by Helmholtz, using pure spectral colours, not to be the 
case : the darkened mixture of yellow and blue still exactly 
resenxbled sunlight which was correspondingly darkened, 
^riie same result was also obtained when a mixture of an- 
other pair of complementary colours, greenish-yellow and 
violet, was used. Those results apparently contradict the 
statement that yellow or greenish-yellow acts more power- 
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fully on tlie eye when bright than blue or violet. Helm- 
lioltz accouiitSjfor it in this w^ay : Our standard for Ijright 
white is bright sunlight ; we cause the mixture of yellow 
and blue to match this sunlight, and then call it wdiite ; we 
then darken our sunlight very much, and make it our 
standard for a feeble Avhite having a small degree of lumi- 
nosity ; we call it darkened wdiite or pure grey, and find 
that our darkened mixture of blue and yellow still matches 
it perfectly. But, according to Helmholtz, tliis pure grey 
is really somewhat bluish, and it is owdng to this circum- 
stance that it is able still to match the darkened yellow and 
blue, which is also really bluish. Pure grey has always ap- 
peared to the present wu-iter as somewhat bluish compared 
with pure white, and the following experiment tends to 
show that this is indeed the case : A pure grey tvas gcui- 
orated on a rotating disk by mixing lifty parts of w^hite 



Fig. 7S.— Snial) Wfiito-and-Blaclc Disk armnyrod so a.s to niak<? a (Jroy rotatioTi. This 
p’t’v looks rn«.>ro Idiiisli than tliu lar^^or whito disk; 17 inr (.‘toil, ol’aii iiidijjo disk Is 
tilt h liiixod with tin? wliUo. 


with a like proportion of black. This compound disk w^as 
placed on the same axis wdth a wdvite disk, but when set in 
rotation the grey portion appeared slightlN^ itjoro bluisli 
than •tlie wdnte. In order to cause the w hite disk to inatcli 
in hue (not in luminosity) the gt'ey disk, a disk painted 
with a tolerably deep wutsh of indigo was (*onibined with 
the white disk, as indicated in Fig. T<S. An assistant ar- 
ranged the disks and made the measurements, while the 



192 


MODERN CHROMATICS. 


author simply ordered the proportion of blue to be in- 
creased or diminished till the result seernctl satisfactory ; 
at the termination of the experiment he was inforrneVl of 
the result. The amounts of added blue in nine consecutive 
experiments were as follows, in percentages : 17, 20, 18, 1(>, 
13, 14, 21, 19, 10 ; average, 17. According, tlien, to these 
experiments, it was necessary to add to white 17 per cent, 
of a strong tint of indigo, in order to cause it to match in 
hue a grey disk made up of ecjual parts of white and black. 
It may be remarked in this connection that the addition of 
the blue to the white, although slightly changing its tint, 
produced no j)articular]y noticeable effect on its linninosity ; 
that is, it w'as only a little darkened. 

All these phenomena can be explained by the tlu^ory of 
Young as niodilied by Helmholtz. According to this the- 
ory, the sensation of white is produced when the red, 
green, and violet nerves of the retina are stimulated to 
about the same degree of activity ; furthermore, witii a fee- 
ble degree of stimulation of all three sets of nerves, the 
activity of tlie violet nerves predominates over that of the 
green, and that of the green again over that of tlie red. 
When tlie stimulation is made powerful, these conditions 
are reversed, the red nerves leading, the green ami violet 
following. These relations of nerve-action are indicated 
by three curves in Fig. 70. The horizontal line represents 
increase of actual intensity of white light ; thus the portion 
A B stands for feeble white light, A C for white light which 
is twice as strong, etc. The vertical line T> R measures the 
intensity of the red sensation produced by tliis feeble white 
light ; ]> G and B V give the strength of the sensations in 
the case of the green and violet nerves. We see that the 
violet sensation, as it is represented by the longest line, 
prevails over the others, and that the light, instead of ap- 
pearing white, will be such as would be produced by mix- 
ing equal parts of the sensations red, green, and violet ; 
i. c., by mixing the sensation of white with a little green 
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and a little more violet. Now, as we have previously seen 
in Chapter IX., the sensations of green and violet wlien 
mixed produce that of blue, so that on the whole we have a 
mixture of the sensation of pure white with blue, i, e., blu- 
ish-white. If we examine in the same way tlie line D V' G It, 
we shall find the conditions reversed ; here we have the 
sensation of pure white mixed with a slight excess of that 
of green, and again with a little more of red ; as green and 



FtG. 70. — Three Curves phowinp the .neticn of the Kod, Orc(;n. .'ind Violet. Nerves when 
stiinulatod by Wliit.c Liglit of dill'crent degreos of Brightness. 


red when mixed furnish yellow, our result will be 

white mixed with yellow, or yellowish-white. This same 
diagram also represents in a syml)olic manner the fact that 
red surfaces are most luminous by bright light, and violet 
surfaces by foc'blo light. It can also be used to explain 
the changes Avliich pure colour undergoes when made very 
bright or very pale, after the manner employed in the early 
part of the present eliapter. 

We have examined now with some detail the relative 
changes in luminosity which coloured surfaces undergo 
when exposed to briglit and feeble illuminations ; but, be- 
fore leaving this part of our subject, it may not he amiss to 
mention the fact that all comparisons between the luminosi- 
ties of differently coloured surfaces arc quite valueless as 
the expression of objective facts. An illustration will make 
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this clear. Suppose we compare together by the eye two 
white surfaces or two red surfaces, and find^i that they ap-* 
pear to us equally luminous ; now, this will be not only a 
fact as far as the eye is concerned, but it will be an objec- 
tive fact in nature ; it will be equally true in a mechanical 
sense, and on, converting our two masses of white light or 
red light into heat, we shall obtain equal amounts of heat. 
If, however, we take two differently coloured surfaces, red 
and blue for example, and make them equally luminous, 
equally powerful so far as the eye is concerned, and then 
convert the light they reflect into heat, a delicate thermo- 
metric apparatus will speedily inform us that we are not 
dealing in the two cases with equal amounts of force. In 
fact, the maximum heating effect was found by Melloni to 
be produced by the idtra-red rays wlncli are quite invisible 
to the eye ; liere, from an objective point of view, r(‘sides 
the greatest force, but the waves are too long to affect the 
eye at all. From this it is evident that the intemsity of our 
visual sensations depends not only on the strenglli (lujjght 
or amplitude) of the waves of liglit, but also on tlieir 
length ; the maximum effects being produced by yellow 
light, which affects simultaneously the red and green nerves. 
Ill spite of the fact that photometric comparisons of differ- 
ently coloured surfaces have no objective value, still for our 
purposes they may often l)e quite precious, or even actually 
indispensable, if we propose to give our w'ork a quantitative 
character. 

Having now considered the changes which colour under- 
goes wlien made very luminous or very feeble, W(‘ proceed 
to study the effects produced by mingling white Avith it. 
Tlie general result can be expressed quite concisely : the 
colour becomes paler, and Avlicn the proportion of white is 
made large entirely disappears, leaving recognizable only a 
Avhite surface. When a disk painted as in Fig. 80 is ro- 
tated, the red by mixture with the white gives a ring of 
pale red, like that indicated in Fig, 81. Upon reducing the 
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amount of the colour, it becomes very whitish and pale ; 
and Aubert fAund that the red when mixed Avith from 1?20 
to 180 parts of white entirely disappeared. If we set the 
luminosity of vermilion as one fourth of that of white paper, 
it follows from Aubert’s experiment that mixing vermilion 




Fin. 81. — IiulicatoR tho sippoar- 
aiico pntsoiiU'd by tho 
«iiH ilisk. wJion sot in 
relation so as to mix tho rod 
and whito lig'lit. 


with T20 parts of white light, having a hrightnoss equal to 
its own, causes the red colour to disappear. Or w^e may 
express tlie fact tlms : Take red liglit and white light of 
equal intensities ; then, if one part of red light be presented 
to tlie eye simultaneously with 720 parts of white liglit, the 
eye will be unable to recognize the presence of tlie red con- 
stituent. Smaller quantities of white liglit produce very 
great changes in the appeanince of tlu* colour. If we rotate 
a disk like that indic^ated in Fig. 70, w e shall be surjirised 
to find that, though one quarter of the disk is covered witli 
vermilion, yet the resultant red tint is quite pale. In this 
case tw’elve parts of Avhite liglit are mixed with one part of 
equally bright red light, and Avhen statcHl in tins inarmer 
the result seems more natural. 

When wo undertake to stmly inoi-c carefully the mix- 
tures of white Avith coloured light, certain curious anoma- 
lies present themselves. If we arrange disks of artificial 
ultramarine-bluo and wdiite, in the w^ay .sliowui in Fig. 82, 
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and set them in rapid rotation, we shall find that the addi- 
tion of white, instead of producing merely »a paler blue. 



Fig. S2. — White (’anlboanl Disk Fig. 8;k~Indicates the appear- 

piirtifillr paint(hl with Ultra- ar.ee producedhymi.xiiiu- white 

marine-blue (aidillcial). with ultramarine-biue hg-lit. 


actually cluxiiges the colour to a pale violet. (See Fig. 83.) 
If wo substitute oraugo for the ultramarine-blue, the pale- 
orange line genei'atod by rotation shows a tendency toward 
red. These two facts have been known for a long time, 
and various explanations of them liave been proposed. 
According to Bi'ucke, ordinary wliite daylight is itself 
slightly reddisli in tint, and, when we mix white light with 
coloured light, we really add at the same time a little red ; 
lien CO these changes. Aubert, on the other hand, following 
a suggestion of Helmholtz, supposes that tlic true pale shade 
of ultiainarine-blue is actually violet, but tliat our judg- 
ment is perverted by experience drawn from the colour of 
tile sky, wliieli according to him is a greenish-blue, and re- 
tains this tint when mixed with wliite. This is an explana- 
tion which artists would hardly accept, and the experi- 
ments given below shoxv that both it and the one previously 
cited are insufficient. In an examination of this matter it 
was tound by the aiitlior that changes of this kind ate not 
confined to the colours orange and artificial ultramarine- 
blue, but extend ov<‘r all the colours except violet and its 
complenient greenish-yellow ; the main results are given in 
the following table : 
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* Table II. — Suo^^ixa the Effects op mixing White with Colouhed 

Light. 


Kame of Colour. 

Vermilion 

Orange 

Chrome-yellow 

Pure yellow 

Greenish-yellow 

Green 

Emerald-green 

Cyan-blue 

Cobalt-blue 

Ultramarine (artiucial), 

Violet 

Purple 


Effect of adding Wliito. 
More purplish. 

More red. 

More orange-yellow. 
More orange-yellow. 
Paler (unchanged). 
More bhie-green. 
More blue-green. 
More bluish. 

A little more violet. 
More violet. 
Unchanged. 

Less red, more violet. 


It follows from these experiments that, when we mix while 
with coloured light, the effect produced is the same as 
tliough we at the same time mixed with our white light 
a small quantity of violet light. Such mixture would ac- 
count for all the changes given in the table, as could be 
shown by reference to tlie colour-diagram explained in the 
next chapter. This, of course. Is only stating the facts in 
different language, and is not an explanation. 

In the experiments just mentioned the light from hril- 
liantly coloured disks was mixed by rotation with from 5 
to 50 per cent, of wliite light, some of the disks requiring a 
larger admixture of wdiite light tlian others to produce the 
changes in hue recorded in the table. If now we first 
darken our colours very much, and then add a little wdiiie 
to them, the results will again be somewhat different from 
those given in the table, because here two causes are at 
work* w^hich sometimes produce opposite results, as w’^e can 
see by a comparison of Tables I. and II. In the next set of 
experiments, in every case except that of chrome-yellow, 5 
parts of the coloured disk were combined wdth 90 parts of 
pure black and 5 parts of white ; 10 parts of chrome-ycl- 
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low were combined with 85 parts of pure black and 5 of , 
white. The changes of hue are given below ? 

Taulk III. — Showing thk Effect op making Colour very Dark and add- 
ing TO IT A SMALL PORTION OP WiiiTE. (Tlic experiments were made by 

rotating disks.) 

Vermilion became a Dull greyish-purple. 

Orange became a Brown (slightly bluish). 

Chrome-yellow becarac a Oreyish olive-green. 

Emerald-green became a.. Dark green (less bluish). 

Cyan-blue became a Dark greenish-grey. * 

Prussian-blue became a Dark grey-bluo. 

Cobalt-blue became a Dark grc^y-blue. 

Ultramarine (artificial) became a Dark grey violet-blue. 

Violet bccanic a Dark grey-violet. 

Purple became a Daik grey-violet (less red). 

In many of these cases the results are similar in (diarac- 
ter to those given in Table II. This, however, is not the 
case Avith cIiromc-yelloAv, as in one case it was made tt> 
appear more orange, while in the other it became a Avhitish 
olive-green. It is evident that in this instance the effect of 
darkening the colour overbalanced that of adding white to 
it. With emerald -green and cyan -blue a similar result 
seems to have been reached, though the phenomena Avere 
less decided. The general effect, then, of lirst reducing 
greatly the luminosity of colour and then adding small 
amounts of AA^hite, is the production of greys Avhich have a 
tendency toward blue or violet, this being the case even 
Avlien the original colour is as decided as that of A^ermilion. 
The experiments given in the last two tables Avill account 
for the fact that it is almost impossible to produce a fine 
red Avith the aid of polarized light, the tint being always 
rather of a rose-colour, that is, shoAving a tendency toward 
a purplish hue. 

It has been shown in the preceding pages that the effect 
of mixing white with coloured light is to cause the colour 
to become paler, and at the same time to change it slightly, 
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, as though simultaneously a small amount of violet light 
had been added to the mixture. This fact naturally sug- 
gests an experiment like the following : Suppose we com- 
bine a purple and a green disk as indicated in Fig. 84, 
employing equal parts, and thus obtain a j)ure grey. Let 



Fio. 84.— riirpU* iirul Disk : 

when rotated, it makes a Dure 
Urey. 



US now replace 10 parts of purple by white, also 10 j)arts of 
the green by white (Fig. 85) : will we then still obtain a 
pure grey, or will the grey be tinged with violet ? Several 
experiments of this kind have been accurately made l>y the 
author, but in every case the result was the production of a 
grey identical Avith that given by mixing by rotation black 
and white. The explanation Avould seem to be that the 
green and purple instantly combine to produce the sensa- 
tion of grey, and then of course adding Avhite to this grey 
can only make it paler, but can not at all alter its tint. It 
would seem from this that, when a colour is altered in the 
manner above described by admixture Avith white, time 
comes in as a necessary element in the process ; the mixture 
of white and coloured light must be allowed to act on the 
eye undisturbed during .an interval of time which is not too 
short, otherwise these peculiar effects will not be produced. 

One might suppose that the same result Avould be pro- 
duced by spreading thin washes of coloured pigments on 
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white paper that is obtained by mixing white with coloured 
pigments by tlie metliod of revolving disks.* The tint in 
these two eases, hoAvever, is usually somewliat different. 
A pale wash of carmine, for example, was allowed to dry 
on white paj)er, and an effort was made to imitate it by 
combining a deep-coloured carmine disk with one of white 
cardboard by tlie method of rotation. It was soon ascer- 
tained that the hue of the water-colour wash was consider- 
ably more saturated or intense than a tint of equal luminos- 
ity produced by the rotating disks ; it was also found to 
be rnoi’c of a purplish hue. When the luminosities in the 
two cases were made equal, the water-colour wash show^ed 
far more colour than did the simple mixture of tlie red and 
white light. I^reated in the same way, a thin wasli of ver- 
milion was more orange in hue than a mixture of vermilion- 
coloured light Avith Avhite light ; a thin wash of gamboge 
looked yellow, while the mixture by rotation had more of 
an orange-yellow appearance. The reason of these changes 
is quite evident, and lies in the Avell-kiiown fact that thin 
layers of coloured substances have in general a different 
absorptive action on Aviiite light from thicker layers of the 
same substances. A thin layer of vermilion allows, for ex- 
ample, more of the orange rays to pass ; hence in very thin 
layervS this pigment is sometimes used by artists to represent 
very pale tints of orange, or even of orange-yellow. 'Ilie 
otlier fact aboA^e mentioned, viz., that thin layers are often 
relatively more saturated than those that are thick, is to be 
explained in a different way. It was shoAvn in Chapter X. 
that, A\dien a pigment is mixed Avith one of a different col- 
our, not only is the hue ciianged, but an effect is produced 
as though at the same time some black had been added to 
tlie mixture. It noAV appears that, even when a pigment is 
made darker by mixing with it a larger quantity of itself, 
a similar change is to some extent produced, the darker 
wash of the pure pigment acting as though some black were 
mingled with it. In the experiment with the pale Avash of 
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earfnine it was actually found necessary to combine black 
6y rotation witlli the water-colour wash, so as to reduce it, 
before it could be matched by a disk composed of whitt^ 
and a deep tint of carmine. 

The fact now under consideration can perhaps be ren- 
dered more intelligible by a different statement. Carmine, 
as we know, absorbs powerfully nearly all tlie coloure d rays 
of light except the red ; these latter it reflects in considera- 
ble quantity, and to this circumstamre its red colour is due. 
But the experiments just mentioned indicate that it absorbs 
also to a considerable extent even the red rays, so that a 
<leep wash of carmine sends to the eye less red light than 
Ave should expect. The author found that yellow glass ])rc- 
sented a parallel case. Yellow glass ti*ansmits the orange- 
yellow, yellow, and greenish-yellow rays abundantly, and 
to this poAver mainly its yellow colour is due. But it does 
not transmit even these rays at all as perfectly as ordinary 
window-glass. In one e:\|u‘rimeni it was found that a plate 
of yedlow glass absorbed about 25 per cent, even of these 
rays. Most coloured substances, pigments, and glasses 
probably act in a similar ^vay. 



CHAPTER XITI. 


ON THE DURATION OF THE IMPRESSION ON THE 
RETINA, 

Among different forms of fireworks none excite more 
admiration than revolving wheels of fire with their brilliant 
colours, ruby, emerald, or sapphire, and their wonderfully 
blended surfaces, which so often suggest fanciful resem- 
blances to roses, carnations, and other flowers. It is quite 
possible to arrange matters so as to obtain an instantaneous 
view of one of these fiery objects, without at all interfering 
with its rapid movement ; and when this is done, it is seen 
that much of its beauty depends upon an illusion : the 
broad, variegated, sliaded surface vanishes, and we have 
before us simply a few jets of coloured fires in no wise par- 
ticularly remarkable. The appearance of these brilliant 
objects depends, then, upon an illusion, and this has for its 
foundation the fact that the sensation of sight is always 
prolonged after the light producing it has ceased to act on 
the eye. 

The most familiar illustration of this fact we find in an 
old experiment, which no doubt was the parent of our re- 
volving fireworks : If a lighted coal on the end of a stick 
is caused to revolve rapidly, it describes a ring of lire which 
is plainly seen at night to be quite unbroken. The light 
from the moving coal falls u})on the retina of tlie (,‘ye, and 
an image of it is produced, let us say at the point 1, Fig. 
80 ; an instant afterward, owing to its having moved into a 
now position, the image will be found at 2 and then at 3, 
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and so on all the way around the circle. Now, if the sen- 
sation due to thi! first image lasts while the circle is being 
traversed, then it will be renewed before it has a chance to 
fade out, and consequently will be present continuously ; 
the same will be true of all other points on the circle, which 
consequently will produce on the beholder the appearance 
of an unbroken ring of light. In order to produce this 
condition of things, it is necessary of course that the coal 
of fire should move with a certain velocity ; according to 



Fig. bG. — Appearance of a Coal of Firo in Three Fositioxis. 


the observations of D’Arcy, it is essential that it should 
traverse its circular path completely in thirteen hundredths 
of a second. 

It is very easy to experiment on matters like these with 
tlie aid of revolving disks. If we take a circular disk 
which is painted black, and has on it a white spot like that 
represented in Fig. 87, and set it in rotation, as soon as the 
motion is quick enough we shall see a ring of white, just as 
in the previous case we obtained a ring of fire. Fig. 88 
shows the appearance of the disk when in rapid rotation. 
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Tlie diiralioii of the sensation of light, or duration of the 
iin{»ros8ioii on tlio retina, as it is called, vaiies with the iii- 
tensity of the llglit pi'oducing it, and in the (‘ase of our 
\yhite paper is not by any means so great as with tlie coal 
of fire. jVccording to an experiment of Helmholtz, the iiii- 
presslon on the retina lasts in this case, with undlMiini.shed 
strength, about one forty-eighth of a second ; hence it is 
necessary for tlie disk to revolve forty-eight times in a sec- 
ond in order to produce the appearance of a steady, uniform 
ring of light. While, as just stated, the impression lasts 
with undiniinislied strength for one forty-eighth of a sec- 
ond, its total duration witli decreasing strength is much 
greater, being ])erliaps as high as one third of a second, 
though this interval varies somewhat with the circum- 
stances, and is a little difficult of determination. 



Fi«, 87.— Disk ivit.Ii W'liitc Sector, Fui. SS.- l)isk of Fi)?. 87 in KMjii.l 

It is not, however, to bo supposed that, in the experi- 
ment indicated in Fig. 88, the ring of wliite light will liave 
the same degree of luminosity as its source, viz., the slip of 
wliite paper pasted on the black divsk ; on the contrary, the 
luminosity of the ring will be much feebler than tliat of the 
spot. The reason of this is quite evident : we have virtu- 
ally spread out the light of the spot over a much larger 
surface, and it will be proportionately weaker ; if the sur- 
lace of the ring is one hundred times as great as that of 
tile spot, then the luminosity of the ring will be exactly one 
hundredth of that of the spot. That this relation is always 
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strictly quantitative can be proved by a photometric ar- 
rangement like that used by Plateau for this purpose, or by 
the aid of a crystal of calc spar wliich divides ordinary light 
up into tw'O beams of equal intensity. In this latter case 
wc arrange a disk by making half of its surface white, the 
other half black, as represented in Fig. 89 ; alongside of it, 
on a black ground, we [daeo a strip of the same white pa- 
per ; the disk is then set in rotation, and assumes a grey 
appearance. With the aid of tiie calc-spar prism we tlien 
view the strip of paper, which will api)car doubled, as shown 
in Fig. 90, each image having one half the brightness of the 




Fit-. 89,— .Arrang-cnipnt of Disk and Fio. ‘J0.~ Appoanviitro of Disk in Roin- 

Strip lor Photouietric Oouiparison. lion, tin- Htvip vitjwod throu^'h 

a Oalc-Spar rrisni. 

original strip ; but either of these images will l)e as bright 
as the grey disk, showing that the luminosity of the grey 
disk is just one half of that of the white. This gives an 
idea of the method of proceeding, Init numei-ous corrections 
must be introduced, some of which Avill no doubt suggest 
themselves to tlie ingenious reader ; of them we will men- 
tion only one, viz. : tliat, according to the recent investiga- 
tions of Wild, the two images furnished by calc spar do not 
really have exactly the same luminosity, but diifer by about 
three per cent.* Dove has proved tliat the relation we 
have been speaking of above also holds good for coloured 


* roggeiidorirs Aimaloii,’* vol. cxviii., p. 225. 
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liglit. This fact is of much importance to us, for on it js 
based the principle involved in Maxwell’s disks, which we 
have already found so indispensable in quantitative investi- 
gations on colour. 

The duration of tlie impression on the retina in the case 
of light of different colours has not yet been studied care- 
fully, Some experiments were made by Plateau with pa- 
pers coloured by gamboge, carmine, and Ih-ussian-bltie, and 
it was ascertained that in tliesc cases the duration differed 
somewhat. Dr. Wolcott Gibbs suggested to the author a 
metliod which would probal)ly solve? this problem in a satis- 
factory manner, and whicli is about as follows : With the 
aid of a spectroscope a dilfraction spectrum is to be pre- 
sented to the eye in the form of a series of contiguous col- 
oured bands, this division into bands being eirected by a 
suitable diapliragm placed in the ey<!piece of the instru- 
ment. In front of tlie slit of the spectroscope a revolving 
disk with one or more oi)(‘nings should allow the light to 
enter the instrument ; and, by regulating carefully the ve- 
locity of rotation, it would be possible to seize the exact 
moment wlien one or more? of the coloured bands cc'ased to 
llicker, and presented a steady, uniform a))pearance. This 
observation would give correctly tbe interval durijig wliicli 
the ijiiprossion riuuaincd witli undiminished strength on the 
eye, in tlie ease of tlu‘ selected colour. 

If quite bright light like that from a window is pri^sent- 
edto the eye, the im]iression lasts several seconds — oi’ course 
with diminishing strengtli. Tlie experiment is easily made, 
and the observer will find, after the eyes have been closed, 
that there is time enough to recognize a good many details 
before the disajipearancc of the image. Witli intensely 
liright liglit like that of the sun, the image lasts several 
ininutes, and finally fades out after having uiuh/rgone a se- 
ries of complicated changes in colour. It may jieiiiaps be 
as well to mention here a fact which must be borne in mind 
when we undertake to study the after-sensations that follow 
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fhe action of ^liite or coloured light on the eye. If the 
light be allowed to act for a short time on the eye, when it 
vanishes, as before stated, the sensation remains for a frac- 
tion of a second, this after-sensation being in all respects 
identical with the oidginal sensation, except that it gradual- 
ly becomes Aveaker and weaker : tlius, if the original sensa- 
tion is red, the after-sensation will entirely corresi)ond to 
this colour. This after-image, wdiich is the only one thus 
far treated of in this chapter, is called \hQ positive image. 
After a little Avhilc, however, the positive image vanishes, 
and is replaced by an image of a different character, which 
is known as the oiegative image : thus, if the light original- 
ly acting on the eye Avas red, the negative image is coloured 
greenish-blue, or has the complementary colour. These 
negative images are quite important, as many matters con- 
nected Avith contrast depend on them, and they will be con- 
sidered at length in Chapter XV. 

We have seen that the positive after-images are useful 
in furnisliing us, in the case of revolving disks, with a mode 
of mixing together masses of coloured liglit in definite pro- 
portions ; and it may be well to mention some other cases 
Avhere these images play an iuiportant part. The a])pear- 
ances presented by water in mot ion depend largely on them. 
Thus, if we study the ocean Avaves under direct sunlight, we 
shall find that mucli of their character depends on elongated 
streaks of light, which serve to interpret not only tlie forms 
of tlic larg(U’ masses of water, but also tlie shapes of the 
minor wavelets with which those are sculptured. If noAV 
Ave examiue these bright streaks, so well knowm to artists, 
Avith a slowly revolving disk having one open sector, Ave 
shall find that in i)oint of fact tliero are no streaks at all 
present, but simply round itnages of the sun, which, owing 
to tlieir motion, become thus elougated. Instantaneous 
photographs give the same true result, and hence appear 
false. An analogous action takes place even in cloudy 
Aveather, and streaks of light are produced which give the 
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waves a different appearance from wliat would have if 
suddenly made solid, wliile yet retaining all their glassy 
appearance. Again, for the same reason, waves breaking 
on a beacli appear to us different from their instantaneous 
photographs : wlien viewing the real waves we obtain an 
impression which is made up of the different views rapidly 
presented during several minute intervals of time, whereas 
the ])liotograph gives us only what takes place during 0')ie 
of tliese small intervals. All this applies also more or less 
to the case of falling water, as fountains or waterfalls, and 
explains the transparency of rapidly revolving wheels. 
Owing to the same cause, the limbs of animals in swift 
motion are only visible in a periodic way, or at those mo- 
ments wlien their motion is being r(* * versed ; during the rest 
of tlie time they are pra(?tically invisible. Tliese moments 
of comparative rest arc seized by artists for delineation, 
while tlie less discriminating photograph is as apt to repro- 
duce intermediate positions, and thus produce an effect 
which, even if quite faithful, still appears absurd.'*** 


* For a compiotc list of \\bnt lia^ been pnblisliod on this whole subject, 

see a memoir by J. Plateau published by the Belgiau Academy of Sciences 

in 1877. 



CHAPTER XIY. 

OX THE MODES OF ARHANGING COLOURS IX SYSTEMS. 

As we have seen in tlie previoUvS chapters, tlie variety of 
colours })resented to us by nature and art is onornioiis, rang- 
ing from the pure In-illiant colours of the spectrum down to 
the dull, j)ale tints of ro<*ks and oartli, and including whole 
classes A^']li(‘ll seem at first glan(‘e to have but little aflinity 
with each o tit or. It would be ditlicult, for example, to find 
anything in tlie prismatic spectrum which reminds us in the 
least of the colour brown ; the various pale tints which 
Avood assumes Avlien Avorkcd s<‘em quite unrelated to the 
sp(»ctral liu(‘s ; and it is the same with the vast multitude 
of greys with Avhich we are acquainted, and Avhich so large- 
ly constitute the colours of natural scenei'y. If, instead of 
comparing Avith the colours of the spectrum the strange, 
Avonderful, indescribable tints Avhich nature so abundantly 
displays, we descend a step and think of them in connection 
Avitli the lines furnished by our brightest pigments, such as 
A'ermilion, red lead, chrome-yellow, emerald-green, or ultra- 
marine-blue, A\ e scarcely imjAroA^e the matter : even such 
colours as these seem to have no allinities Avith the modest 
throng of greys and brownis ; they appear to belong to a 
more *prineely caste, and utterly refuse to mingle on equal 
terms Avitli the humbler multitude. 

The colour of vermilion depends, as we leamed some 
time ago, on three things : first, on the quantity of coloured 
light Avhich it sends to the eye, or on the brightness of the 



210 


MODERN CHROMATICS. 


coloured light that it reflects ; second, on tlfe wave-length 
of this red light ; and tliird, on the amount of rohite light 
which is mingle<l with the red. Its colour depends, then, 
on its luiMinosity, wave-length, and purity ; tliese quanti- 
ties, as we Ijave seen, are called the constants of colour.'^ 
In cert ain cases we can easily alter these constants consider- 
ably, and thus ascertain their significance with regard to 
colour. Let us take a circular disk painted with pure ver- 
milion, and undertake to reduce its luminosity. Tliis could 
be very efliciently accomplished by removing the disk to a 
darkened room, when it would be found that the colour was 
changed to dark red, or even to black. There is, however, 
an objection to this mode of expciamenting : we have al- 
ways, UTider such circumstances, a strong tenden(?y not sim- 
ply to receive the tint that is actually j)resented to us, but 
to make, iincoTisciously, an allowance for the degree of il- 
lumination under which we view it. Wc know that rod in 
a darkened room presents a certain a]>pearance ; wluui we 
see this appearance in the darkened room, we say we see 
dark red ; to the same apixairance iti a light room wc would 
give a dillerent name. I’liis objection apjdies to all ex])cri- 
inents of this character, whether the object be to expose a 
surface to a very small or to a very great illumination : we 
ourselves should, as it ^vere, always be immersed in a medi- 
um illumination, so as to retain an undisturbed judgment. 
Jn the present case tliis ditliculty is easily avoi<ied. We 
take our vermilion disk to a room illuminattal Avith ordinary 
daylight, and reduce its luminosity' by combining it with a 
black disk, as indicated in Fig. 91. When tlie compound 
black and red disk is set into rapid rotation, wu^ in effect 
spread out over tlio Avliole surface of the disk the small 
amount of red liglit wdiich is reflected from the exposed red 
sector ; its luminosity can thus be reduced to any desirable 
extent. It Avill be found, wdien we combine 10 parts of 


Sec Chapter III, 
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v^ermilioii willi 90 of black in this way, that the red colour 
is converted into a chocolate-brown that bears no close re- 
Bcniblance to the original hue. It can be objected to this 
mode of darkening colours that there may be in the black 
disk something that exercises a peculiar effect on tlie result. 
If, however, we analyze the faint light which comes from 



Fig. 91. — Disk witli 10 Parts Vcrniilion ajid 9 > I'arts I>Iack: gj‘T(?s by rotation a Jark- 
roddish cliocolatc-browri. 

tlie black disk witli the aid of a prism, wo shall iind tliat it 
is essentially white, all the prismatic colours being present. 
Or we m.ay exj) 08 e our black disk to sunlight, analyze its 
light with the j)risin, and compare this analysis with that 
obtained from a piece of wbite paper not exjiosed to sun- 
light and shaded from the diffuse daylight. 'Wdien by this 
l)roceeding the luminosities of the black and wliite jiapers 
have been equalized, it will be found that the colours whicli 
they furnisli to tlie jirism differ very little. The fact that 
the black disk darkens the red one as it would lie da.rk('ne<l 
by a dark room can also lie proved in another way : If we 
iirst darken a room just as much as we please, and then 
contrive an aperture opening into it a litth; larger tlian onr 
red disk, and arrange matters so that not miicli light enters 
the room tliroiigli this aperture, tlien wo can virtually mix 
the darkness of this room with the real light of our disk. 
AVe simply place a red sector on the rotation machine ar- 
ranged in fi'ont of the opening into the dark room, as indi- 
cated in Fig. 0:2, and sot the coloured sector into rapid 
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rotation. We now have the red light of a small portion of 
the red disk spread out over the darkness due to the dark- 
ened room, and tlie result is tlie same : we have the same 
chocolate-brown (Fig. 93). The use of the black disk being 
thus justified, we may employ it further in our investiga- 
tion ; and we shall find that by simply reducing the red 

. light of our vermilion disk 
produce not 
a series of dark, dull 
but a number of rich, 
iai -looking browns, 
ri we make a corre- 
ling set of experinicnt*s 


Fig, — Shows the appear- 
aiico prosentod when the 
Bcctor ol' Fi”-. 92 is made to 
rotat<> x'apidly. 

with our red-lead disk, we obtain a series of reddish, warm- 
looking browns ; the chrome-yellow tlisk gives a set of 
strange-looking, dull yellows and dark olive-greems ; the 
green and Idue disks furnish sets of dark green and blue 
tones. Experiments like these show what changes are pro- 
duced simply by reducing the intensity of the coloured 
light, without in any other Avay tampering with it. 

By a corresponding set of experiments we can study the 
effects of mixing white light with our coloured light : we 
need only combine the coloured disk with one that is white, 
and rapid rotation gives us the desired result. In this way 





MODES OF ARRANGING COLOURS IN SYSTEMS. 


WO can prodijco a series of pale tints that are reddisli, green- 
ish, or bluish, according to the disk employed. 

Thus, eitlier by reducing the luminosity of our coloured 
light or by mixing it with more or less white, a great num- 
ber of tints can be ])roduced ; but we soon lind that to 
match many natural colours it is necessary to employ l>oth 
these proceedings simultaneously. By combining with our 
coloured disk a black and a Avhite disk, we tlien become 
able to imitate a far greater number of the pale, indes(‘i-iba- 
ble tints of natural objects. To make our jmwer more 
comjdete, we ought also to be able at will to alter the wave- 
length of the light reflected from the coloured disk.* There 
are, however, practical difficulties which prevent us from 
making these changes in a delinite and perfect manner, ami 
we find ourselves finally driven to abandon our very conve- 
nient and instructive disks, and to turn for help to the col- 
ours of the solar spectrum. These colours are })ure in tlie 
sense of being free from any admixture of white light, their 
luminosit y can l)e varied to auy extent, and the lengths of 
the various waves whi(‘h generate them have been measured 
with a high <legree of accuracy ; we also can mix white 
light with them at our pleasure. With the colours of tlie 
spectrum, and a purple formed l)y mixing the red and violet 
of the spectrum, we can match any colour whatsoever, pro- 
vided we are allowed to increase or diminish tin; luminosity 
of our spectral hues, and to add the necessary amount of 
white light. This fact furnishes us with a clue toward a 
classification of colours. The series red, orange;, yelloAV, 
green, blue, violet, and purple is one which returns on it- 
self, ainl lienee can be arranged in the form of a eirclo, as 
was first done by NeAVton. In making a colour-chart we 
can place tlie complementary colours opposite each other, 
and white in tlie middle ; the pure colours of the spectrum 
will be situated on the circumference of the circle, and the 

* For an account of the elfects produced by alteration of wavo-leiij^th, 
see Chapter III, 
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mixtures of these witli white will lie nearer th<5 centre, as is 
roughly indicated in Fig. 04. A chart of this kind will 
contain all colours that are possible under a given degree of 
illuraination, arranged in an orderly niaimer. In the sector 
devoted to tlie reds we shall find along the circunifcrence 
every kind of pure red, from purjde-red to orange-red, and, 
as we advance inward toward the centre of the circle, a 
great number of tints produced by mixing these various 
reds with increasing quantities of white. It is the same 



Fig. 04. — Tlie oolmirs of ttio ppoctnim arf* Eiipposod to bo on tlio cimiinforonco of the 
oirolo, and tlu? inixtiiivt^ of those \vitli in< n*asin;^ (pianlUh's of whiio aro in tli" into- 
rior. Wliito is at tho ooiitro. (The spaces for most of the pule or tints nre 

left blank, for want of room.) 

with all the other pure colours : every possible hue and 
tint belonging to the adopted grade of illumination will be 
found somewlicre within the circle ; all tlie manifold greens 
and blues, also the whole I'ange of purples, from ])ur])lisli- 
red to purplish-violet — all will he represented. At tlie 
start, one of our conditions was that complementary col- 
ours should be opposite eatih other ; hence we must give to 
our blue not only the right hue, but a luminosity such that 
it is able exactly to neutralize the yellow which is opposite 
to it. These two colours must also have a luminosity such 
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that, when the^ are mixed, the mixture will furnish a white 
,which is tw^ice as bright as that at the centre of the circle. 
The same must be true of all the other pairs of complemen- 
tary colours, w'hether situated on the circumference or in 
the interior of the circle. This mode of operating gives us 
a chart in wdiicli all the colours of corr(;sf)oiiding intensity 
are w ell arranged with regard to each other, and it enables 
us at a glance to see some of the relations of the colours to 
each other.* 

In the construction of this colour-chart w^c imagined the 
brilliant colours of the spectrum to be situated on the cir- 
cumference of the circle, and as w^e advanced tow’ai’d the 
centre a larger and larger proportion of wdiite light w^as to 
be mixed wdth them. Suppose now we diminish somewdiat 
the luminosity of our specdral colours ; this wdll change 
ev(*ry tint in the chart correspondingly, and also the central 
wdiite ; all will be darkened proportionately ; we shall ob- 
tain a new colour-chart, having less luminosity, but in otlier 
respects closely resembling the first. With a further re- 
duction of the light a corresponding result w ill again l>e 
reached ; and, as w e continue the process, w o go on accumu- 
lating new' colour-charts, each being darker than the last. 
Our two limits evidently are the brilliant colours of the 
spectrum on the one hand and total blackness on the other ; 
betw een these w^e shall be able to place a series of several 
hundred colour-charts, differing perceptibly in luminosity, 
but in other respects resembling the original typo as nearly 
as may be. 

If Ave aiTange this whole series of charts oiie above the 
other in proper order, the most luminous one, or that wdth 
which Ave started, being placed at the top, Ave shall obtain a 
cylinder Avhich Avill contain Avithin itself an immense series 
of colours. The axis of the cylinder at the toj) Avill be 

In tins case wo 'consider colours equally intense which, when mixed, 
neutralize each other ar»d produce the same white. The luminosity ofsucli 
colours, measured by the eye, will often be quite ditleient. 
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white, and as wo descend it will pass throag{i a great series 
of darkening greys, linally to end in black. If we make a 
vertical section of the cylinder, its appearance then will be 
of the nature roughly indicated in Fig. 95, the axis' darken- 
ing as we descend, also the charts. Now, we know it to be^ 
a fact that, as coloured surfaces are more and more feebly 
illuminated, so does the number of tints which we can dis- 



Fro. 05. — Section of a Pile of ( Vilonr- 
Charts, the most iumirious ones bo - 
inj,' at the top. 



Fig. 06. — Section of a Colour-Cone, \ 


tinguish on them constantly decrease. lienee, in tlie case 
of our cylindrical pile of charts, smaller surfaces will an- 
swer equally well for the display of the darker tints, and 
we may as well redu(*-e our cylinder to a cone, as indicated 
in Fig. 90. This colour-cone is analogous to the colour- 
pyramid which was described by Lambert, in 1772. 

It will be remembered that wc began our colour-chart 
with the colours of the spectrum, and these colours, along 
with their mixtures with white, constituted the base of our 
cone. Tlie colours of the spectrum in this cas(' wore sup- 
posed to have only a moderate degree of brightness, such 
as would be suitable for prolonged observation. These are 
the brightest colours thus far contained in our cone, but 
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they are by no ijneans the brightest colours that we are able 
to see ; above them occur a great series of hues which we 
can more or less perfectly distinguish. As our ability to 
discriminate very luminous colour>s diminishes as their lumi- 
nosity increases, the colour-charts devoted to this new set 
may be treated like those used for the darker colours. In 
this way we once more obtain a S(»cond cone, which will be 
placed over the one before described. At the apex of this 
last cone we have the brightest white which the eye is 
capable of perceiving ; a little below and around it are sit- 
uated a series of very luminous spectral colours aud*!i pur- 
ple, all being so bright as to differ, so far as the eye is 
concerned, not much from a brilliant white ; farther down 
on the sides of the cone are still quite bright colours, and 
in its interior their mixtures with white. In this double 
cone, then, w'e are at last able to include all the colours 
which under any circumstances wa> are able to perceive ; 
they are arranged in an orderly manner, which at once ex- 
hibits their hues and luminosities, and the amount of wlutc 
light that has been mixed with them. They are arranged 
throughout in complementary pairs, and some of their other 
relations to each other are plainly exhibited. 

Noav, a w'ord with regard to the possibility of executing 
this colour-cylinder or the double cone. In the first place, 
w^e have no ’pigments wdth wdiich w-e can at all properly rep- 
resent the colours of the spectrum oven when their luminos- 
ity is quite modc*rate ; our best pigments all rellect more* or 
less w hite light mixed w^itli their coloured light. If with their 
aid wo niKlortook to construct a coiour-cliart, we should not 
only be obliged to descend in tlie cone. Fig. Ob, a good dis- 
taiKiC toward its black apex, but besides this our cliart 
Avouldhe smaller than the section of the cone at that point, 
owing to the presence of the foreign w'hite light retleeted 
hy the pigments. It would be next to impossible to 
pare pigments of different colours suitable even for the pro- 
duction of a single chart of the series ; for it w ould be ne- 
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cessary that they should be right in the matter of hue, 
luminosity, and greater or less freedom from white light. 

There are still other objections to the system as just 
proposed. It furnishes us with no means of giving the col- 
ours a proper or rational distribution on the circumference 
of the circle ; we do not know whether the yellow is to be 
placed 90° from the red or at some other . distance ; the 
same is true with regard to the angular distribution of all 
the other colours ; the system gives us no information on 
this point. It also gives us no information about the effects 
that ar^ produced by mixing together colours that are not 
complementary. 

There is another mode of attacking this problem which 
has been much used of late, and which offers certain advan- 
tages to the student of colour. Let us suppose that we 
place red of a certain luminosity at R, and green of the 
same luminosity at (t, Fig. 97 ; then along the line R G 
we can arrange, or imagine to be arranged, all possible 
mixtures of these two colours. To do this we imagine that 
R and G have c(‘rtain weights corresponding to their lumi- 
nosities (or to the quantities of them which in a particular 
case we employ), and then proceed as if we had before us 

R G 

i" C 


Fin. 07. — Alonsr tho line R O we ran .irrantre 
all tlie mixtures of red aii<l preen. The 
diaprani repre.sents the case where cqiial 
parts of red and preen are employed. 

Then the point of support (mixture-point) 
must be in the centre of the line K G. 

a mechanical problem. An example will make this plain : 
Let the luminosity of the red and green both be 10 ; we 
now mix 5 parts of red with 5 of green, and obtain a yel- 
low ; the position of this yellow will he at Y, Fig. 98, half 


R y G 

■ - - ■ ■ i ■ ■" ♦ 

FiCr. ys — A mixture of e^jnal parts 
of red and preen furnishes a yel- 
low ; the position of this yellow on 
the line of mixtures, K G, is at Y, 
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way between R- and G. We put the position of yellow at 
^ because, in order that 5 parts of red may balance 5 parts 
of green, the point of support must be half way between R 
and G. We have now determined accurately on the line 
R G the position of a yellow made by mixing equal parts 
of our 'original red and green. This yellow, made by 
mixing 5 parts of red and 5 of green, will also have the 
same luminosity as the original red or green. If we mix 7 
parts of red with 3 of green, the position of the mixture 
will be at O, Fig. 99. If we divide up the line R G into 

/? 0 G 

I i i T 1 i ^ i ! rn 

Fio. 99. — Seven parts of red are mixed with three parts of ^roon ; the mixture is orang’e 
in colour, and situated on the lino U U at (). 


10 equal parts, then O will be distant from R by 3 parts, 
but from G by 7 parts ; for in this way alone a balance can 
be obtained. In general we shall always obtain a balance 
or equilibrium when the weight of R multiplied by its dis- 
tance from O is equal to the weight of G multiplied by the 
distance of G from O. In this last case (Fig. 99) the mix- 
ture at O will be orange in colour, and will have a lumi- 
nosity identical with the original red and green. So we 
can go on filling up the line RG with all possible mixtures 
of the original red and green. Now, this is a process 
which can actually bo carried out in practice. We can 
take for our red a vermilion disk, and then select for our 
green a disk having a colour as nearly as possible of the 
same luminosity, and by the method of rotation produce all 
the tints above indicated. We can copy these tints, and 
arrange the copies along the line R G ; or, if we do not 
wish to take this trouble, we can at least always reproduce 
at will, with aid of the red and green disks, any of the 
tints belonging on the line RG. This explanation will 
serve to render clear the fundamental idea on which the 

colour-diagram of Newton and Maxwell rests. 

p2 
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Thus far we have employed only two cblours, red and 
green, and have been able by mixing them in different pro- 
portions to obtain various hues of orange, yellow, and 
greenish-yelloAv. If we wish to include the other colours, 
blue, violet, purple, and the mixtures of all the colours 
witli white, we must employ at the start three instead of 
two colours. Maxwell selected vermilion, emerald-green, 
and ultramarine-blue, since according to his researches they 
approximately represent the three fundamental colours. 
These he placed at the three angles of an equilateral trian- 
gle, and ascertained in a manner afterward to be explained 
the position of white (or grey) in the interior of the tiian- 
gle. Every colour that can be obtained by mixing red 
with green will lie on the line joining red and green ; it is 
the same with green and blue, also with red and blue. Fig. 
100 shows these colours disposed along the sides of the tri- 
angle ; they are also so arranged that complementary col- 
ours are opposite each other ; white is in the interior, and 
along the lines joining the sides with the centre are placed 
the various colours mixed with more and more white as 
they are situated nearer to the centre. Tlie colours made 
by mixing red w^ith green, or green with blue, l)eing situ- 
ated on the sides of the triangle, are consequently as a gen- 
eral tiling nearer to the position of white than the tliree 
fundamental colours at the three angles of the triangle. 
This indicates in a geometrical manner the fact tliat the 
tints produced by the mixture of two fundamental colours 
are paler, or mixed with more wdiite, than the fundamentals 
themselves. In general, in a chart of tliis kind, the farther 
we go from the centre or from the position of white, the 
more do w’^e obtain colours which are free from admixture 
w^itli white. Tlie angular position of the colours is to some 
extent arbitrary, being determined partly by the process of 
mixture, and partly by the assumption that particular hues 
of red, green, and blue represent the fundamental colours. 
If w c should assume as our fundamental colours red lead, 
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grass-green, and violet, the angular position of all the other 
colours would be disturbed. Still, in spite of this and other 
drawbacks, the colour-diagram is valuable for purposes of 


BLUE 



Study, and enables us to express our ideas about colour in a 
geometrical form and with a certain degree of precision. 
It is easy, for example, with its aid to ascertain the rovsult 
of mixing together any of the colours contained, or sup- 
posed to be contained, in it ; if we mix equal parts of red 
with cyan-blue, it is evident by inspection that tlie result 
must be a whitish-purple ; so again equal parts of yellow 
and cyan -blue will furnish a whitish-green. (See Fig. 100.) 
With the aid of this diagram we can accomplish even 
more : we can mix together any number of colours, and 
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ascertain the position and consequently the tint of the 
resultant hue. We select any two, join them by a line, 
and ascertain, as previously explained, the position of the 
mixture tint ; we then join the third colour by a straight 
line with the point just ascertained, and again construct 
the position of the second mixture, and so on. An account 
of the mode of making a colour-diagram of this kind will 
be found in the appendix to this chapter, where the method 
will also be explained which Maxwell enqdoyed for the 
introduction of colours more or less luminous than the three 
fundamental ones. 

The colour-charts which thus far have actually been 
published and laid before the world have been of a different 
character from those above indicated, and are calculated to 
display the effects, not of mixing coloured light, but col- 
oured pigments. Among the older attempts we may men- 
tion those of Lc Blond in and of Du Fay in 17«17. In 
1758 T. Mayer published an account of his experiments. 
As three fundamental colours he selecded vermilion, a bright 
yellovv'^, and smalt-blue. Lambert in 1772 used for the con- 
struction of his pyramid caniiine, gamboge, and Prussian- 
blue. The»se colour-charts were constructed by mingling 
weighed portions of tlie fundamental pigments and of lamp- 
black ill sucli a manner as to obtain as great a variety of 
tints as possible, which were then arranged in an orderly 
series. The very beautiful colour-charts of Chevreul are 
essentially of the same nature wdth those just mentioned. 
Chevreul employed a circle with three radii which were 
120"* apart, and placed on these radii red, yellow, and blue ; 
the hues of these colours were copied from certain portions 
of the prismatic spectrum which were selected as standards. 
Between red and yellow the various hues of orange and 
orange-yellow were introduced ; between yellow and blue 
the greens, the purples being situated between violet and 
red. This constitutes the first chromatic circle, which con- 
tains also the purest and most intense colours. In the sec- 
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ond circle the f^me colours are shown mixed with a small, 
definite amount of black ; the third circle is like the sec- 
ond, only still more darkened, and so on. There are ten 
of these circles, each containing seventy-two tints ; com- 
plementary colours are situated opposite each other. Be- 
sides the circles, there are charts containing colours arranged 
in parallel bands ; tliesc are intended to exhibit the effects 
of mixing black and white with the colours contained in 
the first <urcle. They consist of twenty-two bands, the 0 
band being white, the 21st black, and the 10th band the 
same as the corresponding colour in the first circle, Start- 
ing, for example, from the 10th band, as we move to 0 tlie 
colour grows continually paler, being mixed with more and 
more white ; if we advance in the other direction, the col- 
our becomes darker, and ends finally in black. There are 
seventy-two sets of these bands, also one for black and 
white. 

The ideas upon whi('h this chart is based are not only 
in the main arbitrary, but also vague, and the execution of 
the sample examined by the author left much to be desired. 
We can not regard this colour-chart as a true step toward 
a philosophical classification of colours, but rather as a 
more elaborate repetition of the work of Mayer, Lambert, 
and Runge. In point of fact, our knowledge of colour 
and our means of experimenting on it arc not at present 
sufficiently advanced to enable us even to propose a plan 
for a truly philosophical classification, and between the pro- 
posal and its execution there would be many weary steps. 
Hence, the matter contained in this chapter and its appen- 
dix is rather to be regarded as setting forth the problem 
than as attempting its solution. 
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APPENDIX TO CHAPTER XIV. 

OOLOTJB-DIAGKAMS. 

FoLLowiiVa a suggestion of Newton’s, Maxwell constructed a 
diagram in which the colours of pigments and many natural objects 
can be laid down in accordance with certain principles and assump- 
tions presently to be explained. Now, although some of the as- 
sumptions are arbitrary, yet if they are accepted a chart is obtained 
which presents many valuable features for the student of colour. 
The nature and scope of this colour-diagram will perhaps best be 
made evident by tracing the actual construction of one as made by 
the present writer. 

Following Maxwell, vermilion, emerald-green, and artificial 
ultramarine-blue were assumed as the tliree fundamental colours, 
and positions at the throe angles of an equilateral triangle assigned 
to them. The Icngtii of each side of the triangle w’as 200 divisions 
of the scale employed. The first step was to determine the posi- 
tion of white in the triangle. For this purpose disks of vermilion, 
emerald-green, and ultrainarino were combined as sliown in Fig. 
101, smaller central disks of black and white being placed on the 



Fio. 101 .—Compound Disk of Ycrmilion, Emerald -{^roen, TTUr.amarine, Wliite and 
Black, arranjs'-ed for the production of Grey. 


same axis. It was found, when the colours wore mixed by rapid 
rotation, that 36*40 parts of vermilion, with 33*70 of emerald-green 
and 29*70 of rdtramarine, gave a grey similar to that obtained by 
mixing 28*45 parts of white with 71*55 of black. In the experi- 
ment 24*5 parts of white were actually obtained ; but this was cor- 
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rected by addin‘» to it the white duo to the black disk, it having 
• been previously ascertained that, if the luminosity of the white 
paper composing the white disk was taken as 100, that of the black 
disk was 5-24. The same correction was made in all the cases that 
follow. The equation then reads: 

36-16 11 + SS-Ye G 4- 20-76 B = 28-46 W (1). 

The next step is to divide up the line R G, Fig. 103, in the ratio of 
36-46 to 33-76 : 

(36-46 4* 33-76) : 36*46 :: 200 : 103-5. 

That is, if we mix vermilion and emerald-green in the propor- 
tion of 36*46 to 33‘76, the mixture-point (a) lies on tlie line K G, 
and is 103-5 divisions distant from G, Fig. 103. This point is the 
position of the complement of the fundamental nltramarine, B. 
We now connect this point (a) with B by a straight line, find the 
length of the line to be 173*5 divisions, and seek the mixture-point 
of 36*46 R 4- 33*76 G and 29*76 B, which is obtained by the follow- 
ing proportion : 

[(36*46 4- 33-76) 4- 29 76] : 20-76 :: 173'5 : 51-64. 

This mixture-point is the position of white; for vermilion, em- 
erald-green, and ultramarine, when mixed in the above proportions, 
produce white. Hence, white (W, Fig. 103) will be on the line 
a B, 51-64 divisions from a. (It evidently must be somewhere on 
this line, for at the two extremities of the line are colours which 
are complementary, and there must be a mixture-point on the line 
which is wdiite.) It will be noticed that in this proceeding the 
colours have been lieated, according to Newton’s suggestion, as 
though they were weights acting on the ends of Icver-arrns, and 
these arms have been taken of such lengths as to bring the system 
into equilibrium. It will also bo observed that it lias boon assumed 
that the pigments, vermilion, emorald-grecii, and ultramarine, have 
the same intensity, or that equal areas of them have the same 
weight. Thus, 36*46 ])art8 of vermilion and 33*76 of emerald-green, 
acting on a lever- arm 51*64 divisions in length, balance 29-76 parts 
of nltramarine acting on an arm with a length of 121*86 divisions. 
The lever-arms of tl)c vermilion and emerald-green passing through 
W are also similarly balanced, and the whole system is in equilib- 
rium. 

The white or grey which was obtained in equation (1) was the 
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equivalent of 100 parts of colour; by multiplying ^28*4:5 by 3*51 we 
obtain 100, and we set these 100 grey units in the place of 28*45 W, 
in equation (1), and obtain what Maxwell calls the corrected value 
of the wdiite. The factor 3*51 is called the coefficient of the white, 
and is used to establish a relation between equation (1) and those 
that follow. The coefficients of vermilion, emerald-green, and 
ultramarine have at the outset been assumed as 1, and hence in its 
corrected form equation (1) reads thus; 

30*46 R + 33*76 G -h 29*76 B ” 100 w (2). 

We have now laid down upon our colour-diagram the position 
of our tiiree fundamental colours and that of white, and are pre- 
pared to assign positions to all other ]>igments or mixtures of pig- 
ments. For example, to determine the position of pale chrome- 
yellow, a disk covered with this ]>igment is to be combined with 
disks of emerald-green and ultramarine, and set in rotation (Fig. 



Fio. 102.— ("oniponnd Disk of riiromp -yellow, ErnoraM-frrt'f n, TTltramarinc, White, and 
Jiluck, arr.nngiid bo as to f'ive a pure Grey by rotation. 


102). This experiment was made, and the following equation ob- 
tained : 

26*9 Y -b 12*5 G + 60*6 32*1 W + 67*6 b (3). 

Before using equation (3), it is necessary to bring it into relation 
with equation (2), and tlie first step is to express the value of the 
white in the same manner as in equation (2), viz, : we multiply it 
by the coefficient 3*51, and obtain in this w'ay the value of the cor- 
rected white, or 113*87. This quantity we substitute in equation 
(3), which then reads : 

20*9 Y 4- 12*5 G 4- 60*6 B = 113*87 w (4). 
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^ * 

We must now introduce a corrected value for the chrome-yellow, so 

, arranged that we shall have the same number of units, grey or col- 
oured, on both sides of the sign of equality : 

113-87 — (60*6 4- 12*5) - 40-77. 

40*77 is then the corrected value of the chrome-yellow, and equa- 
tion (3) in its corrected form finally reads: 

40*77 Y + 12*5 G + 60*0 B = 113*87 w (5). 

To obtain the coeflicient of the chrome-yellow, we divide the cor- 
rected value by the original value : 

40*77 

— = 1*51 — cocf. of ch.-yel. 

20*9 ^ 

Wo are now prepared to determine tlie position of chrome-yel- 
low in the diagram. We divide the line B G into two parts having 
the ratio of 12*5 to 60*6 : 

(12*5 + C0*C) : 12*5 : : 200 ; 34*2. 

The position, then, of the complement of chrome-yellow is on the 
line B G, .Fig. 103, at the spot marked cobalt, and is distant from B 
by 34*3 <livisioiis ; tlie distance of this point from W is found by 
measurement to be 94*1 divisions. We connect the point by a 
straight line with W, and produce the line some distance Ijoyond; 
the position of chrome-yellow will he on this line, and may be 
found by the following proportion: Weight of chrome-yellow: 
weight of emerald-green and ultramarine :: distance of euierald- 
grceii and ultramarine : distance of chrome-yellow ; or, 

40-77 : (00*6 4- 12*5) : : 94-1 : 168-7. 

Chrome-yollow is consequently distant from the neutral point or 
white 168-7 divisions; we insert it in the diagram jdong with its 
coefficient 1*51. By a corresponding process the positions and coef- 
heients of a number of the more ordinary colours have been laid 
down in the diagram. See F^ig. 103. If the diagram is examined, 
it will be found that along any single radius the pale colours, or 
those mixed with much white, are located nearer AV than those 
that are more free from such admixture; it will also he noticed that 
the more luminous colours have higher coefficients. By the aid of 
this diagram we obtain relative measures of the luminosity and sat- 
uration of colours on the same or on closely adjacent radii ; the 
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colours also have angular positions assigned to them, so that they 
are hiirly defined as to angular position, intensity, and greater or 
less tTeedorn from white. 

It is, however, to be remarked that the construction rests upon 
several more or less arbitrary assumptions, as: 1. That vermilion, 
enierald-green, and ultramarine-blue really correspond to the throe 
.fundamental colours. If we substitute in place of them other col- 
ours, such as red lead, grass- green, and violet, we obtain different 
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angular positions* for all the colours afterward introduced, and also 
different coefficients. 2. The assamption that vermilion, emerald^ 
green, and ultramarine have the same intensity or the same coeffi- 
cient is quite unwarranted, the intensity of emerald-green being 
evidently greater than than of ultramarine-blue. From this it fol- 
lows that the coefficients and distances Irorn the central white, W, 
arc not comparable along different radii. 

Tlie author lias reconstructed the same colour-diagram, intro- 
ducing coefficients which represent the actual luminosities of the 
three f undamental colours. These coefficients were obtained by the 
method described in Cbaptcr III. Vermilion, emerald-green, and 
artificial ul train arine-bliie were, as before, assumed as the funda- 
mental colours, and jilaced at the three angles of an equilateral tri- 
angle, Taking the luminosity of wliite paper as TOO, the luminosi- 
ties of the three pigments were as follows: Vermilion, 26*85; 
emerald- green, 48*58; Tiltramarinc-blue, 7*57. Introducing these 
coefficients into equation (1), it becomes: 

Vermilion. Emeralil-green. XTltrsinarinc. 'White. 

(26-8r> X -SOIG) + (48’58 x 'SS?*'-) + {I'Hl x •29'76) = 28-44. 

That is : 

9*8 verm, -j- 16*4 cm. -green + 2*2 ult, =r 28*41 white (6). 

With the aid of equation (6), the position of white was determined 
in the manner previously employed, ami found to be that indicated 
in P5g. 104, being only 13*55 divisions distant from the line V G, 
Making use of equation (3), tiie coefficient of cbrome-yellow was 
determined as indicated l)clow, X being this quantity : 

(48*68 X *126) + (X x *200) + {7’6t x 0*600) 32*4. 

X = 80*82. 

We tlien have — 

0*072 em.-grecn + 21*74 ch.-yeJ. + 4*687 ult. = 32*4 (7). 

With the aid of this last equation the position of cltrome-yellow can 
be laid down in the manner previously described. In Pfig. 104 the 
positions of the same ])igmcnts are shown wliicli were employed in 
the first colour- diagram, Fig. 103; and it will l>e noticed that white 
has been moved toward the line R G, and that the angular positions 
of the colours have been considerably altered. In this second col- 
our-diagram the coefficients of i)ignieiits situated along different 
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Fio. 104.— Maxwell’s Diagram as reconstructed by tbe Author, correct Coefficients being 

employed- 

radii are coinparable with each other, since they represent the lu- 
minosities of the pigments compared with tliat of whitepaper taken 
as 100. 

The author has constructed a new kind of colour-diagram, in 
whicli the colours are arranged in a different inaniier from those 
just described. 

Idea of (he New Diagram . — ^Let us suppose that wo take a cer- 
tain quantity of pure red light and locate it on the circumference of 
a circle at H, Fig. 105, and draw tlie diameter R G B, and at tlie 
point G B locate a quantity of jmre green -blue light, just sufficient 
to neutralize the red light, or form with it a mixture which appears 
to the eye white. The position of white will tlien be at the centre 
of the circle, or at W. The red and green-hlue light employed will 
be considered equal in intensity, though in actual luminosities they 



APPENDIX TO CHAPTER XIV. 


231 


may differ considerably ; they will, in point of fact, relatively to 
each other, have equal saturating powers. Wo next* lay down on 
the circumference at Y a certain amount of pure yellow light, draw 
the diameter Y B, Fig. 105, and at B locate an amount of blue light 



just sufheient to neutralize it, arranging matters so that the yellow 
and blue light when mixed shall reproduce a wliite identical in 
luminosity with that furnished by the mixture of tlie red and green- 
blue. Tlie yellow and blue will dilfer greatly in luminosity, but, as 
they neutralize each other, w'ill be considered to have equal inten- 
sity. Each of the four colours will also ho considered to have ecpial 
iiiteiisily in tlie sense in which tlie word has just been oni|)loyed ; 
or, instead of using the term intensity, wc may say that each of the 
four colours will have corresponding powers of saturation. The 
same will be true of any other colours belonging on the circumfer- 
ence. In order to realize this idea, and to obtain means of assign- 
ing to the colours proper angular positions, some other considera- 
tions must be entertained. Suppose we mix the yellow located at 

Y with the green-blue located at G B: we shall by varying the pro- 
portions finally obtain a mixture which, although it is not wdiite, 
yet will be paler or more whitish than any other mixture; this, of 
course, is a well-known fact. In the practical consti-uction of the 
diagram, it is a.ssuraed that this most neutral mixture w^ill be ob- 
tained \vhen the whole mass of tlie yellow at Y is mixed w'ith the 
whole mass of grecn-bluc at G B; and it is evident that, even if 
this assumption is not strictly true, it will approximate to the truth 
just in proportion as the angular distance between R and Y hap- 
pens to be a small quantity. If the angular distance between R and 

Y is a largo quantity, the assumption may or may not hold good ; 
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at present we have no means of deciding this point. Wc will take 
it for granted till the contrary is proved, and from the most neu- 
tral point, we draw a perpendicular; it will pass through the centre 
of the circle, or through the position of white. The same will hold 
good when any other point not far distant from R is connected by 
a straight line with G B ; here also a perpendicular drawn from the 
most neutral point will pass through wdiite. 

Eealizatmn of the Diagram . — In order to construct tliis diagram 
it is necessary to prepare three coloured disks having CHpial intensi- 
ties, in the sense above employed, or equal saturating powers. 
These disks must also have such colours that hy optical mixture 
they may be capable of furnishing white light. The colours select- 
ed were red lead, a grass-green, and artificial iiltramarine-hlue. 
Tlie green disk was combined with the blue disk, and, by a rather 
elaborate series of expeidments, it w^as ascertained that the most 
neutral mixture was obtained when equal areas were optically 
mixed, from which it was coucluded, according to tlie fiindamerital 
assumption, that the saturating powers of the two disks were equal. 
After several trials, a similar exjuality was established between the 
green disk and one painted with slightly darkened red lead. These 
disks when combined gave the following equation : 

2f3‘00 red lead + 42*10 green -h 34*70 bUie — 22*1 white. 

The coefficients of the three colours *vvere taken as unity, since the 
colours had e(|nal saturating powers. Tlie relative areas of the col- 
ours in the above equation w.erc tlien used as wciglits, and furnished 
the means of determining tlie positions of the three colours on tlie 
circuniference of a circle in vvhicli wliitc was placed at the centre. 
This was accomplished by placing tbe three colours at such angular 
distances ayiart as brought the whole system into e<inilibriuin ; for 
example, if the weiglits had been equal, tlie angular distance of the 
three points wuuild have been 120'\ The proper angular distances 
being now laid down, tlie positions of darkened red lead, grass- 
green, and ultramarine were determined; and with their aid tlie 
positions of other pigments could be ascertained by the process of 
mixture previously explained. (See Fig. 106.) The points laid down 
in this diagram indicate colour or hue by angular position, and 
saturation or intensity hy greater or less distance from W. The 
relative amounts of white light reflected by the pigments situated 
on any particular radius can easily he determined, since distance 
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froiTi tliG centre ‘measures the amount of coloured light rehected, 
and tlie total amount of coloured and white light reflected can be 
measured by the i>rocess described in Chapter IIT. We have, how- 
ever, at present no means of generalizing tins process and a])p]ying 



Fto. lOG. — Satunition-Diaccram to 'Flio tbroo used l:i Its eoe- 

.struction aro marked S. 


it to colours situated on difTeront radii, since wo have not the power 
of ascertaining, for exnni[)Ie, whether our standurd yellow disk at Y 
reflects the same amount of white light with the standard rod disk 
at R, or more or less; we know that they J’eflect corresponding 
quantities of coloured light, but nothing more. Before wo can 

Q 
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solve this problem it will be necessary for us to know the relative 
luminosity of all tlie pure colours (free fi’oin wliite light) which, ac- 
cording to the construction, fall on the circumference of the circle, 
and this could only be ascertained by an especial study of the spec- 
tral colours with reference to this |)oint; but no such study has yet 
been made. We know that corresponding amounts of yellow and 
gfeouisli-yellow have not only higher degrees of luminosity than 
their complements, blue and violet, but even higher than any of the 
otiior colours; but thus far no cpiantitative determinations luive 
been made. Fig. 100 exhibits a diagram of the kind just described, 
containing the same colours or pigments previously employed : it is 
perliaps best called a saturation-diagram. 



CHAPTER XV. 

OONTIiAtyT, 

W E have now studied with some care the changes which 
coloured surfaces experience when viewed under various 
kinds of illuTnination, or when modified in a])pearance by 
the admixture of more or less wlnte or coloured light, ddio 
appearance whicli a coloured surface }>resents to us can, 
however, be altered very materially by a method which is 
quite different from any of those that liave thus far been 
mentioned ; Ave can actually change colour to a considera- 
ble extent Avithoiit at all meddling with it directly, it heing 
for this purpose only necessary to alter the colour Avhich 
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RED 


CfiEEN 


Fiq. 107-— Sheets of Ked and Green Paper with lied Sqnarcti. 


lies adjacent to it. We can satisfy ourselves of this fact 
a very simple experiment. If Ave cut out of a sheet of 
rod paper two square pieces an inch or two in size, and then 
place one of them on a sheet of red and the other on a sheet of 
green paper, as indicated in Fig. 107, it Avill be found that 

the red square on the red paper Avill not appear nearly so 

u2 
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brilliant and saturated in colour as that placed on the green 
ground, so that the observer will be disposed to doubi, 
whetlier the two red squares are really identical in hue. 
By a somewliat analogous proceeding we can cause a sur- 
face which properly has no colour of its own, Avhich is real- 
ly grc‘}', to appear tinted red, blue, green, etc. These 
changes and others of a like character are produced by 
Avhat is chilled contrast, and are partly due to actual effects 
generated in the eye itself and partly to fluctuai ions in the 
judgment of the observer. The subject of contrast is so 
important that it will l)e worth while to make a somewhat 
careful examination of the laws wdiich govern it ; and for 
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Fig. 109. — Cn y Papier wit)i Uose-col- 
owivd liiiatro. 


lliis purpose it wnll be avcU for the reader to repeat some of 
the simple ex])eriments described belo\\\ 

If we place a small })iece of bright-green pa]>er on a 
sheet of grey draw ing-pa])er, in the manner indicated in 
Fig. 108, and tlien for several seconds attentively look at 
tlie small cross in tlu* centre of tlie green slij), w e .shall find, 
on suddenly removing it, that in its place a faint image of 
a rose-red colour makes its appearance. Fig. 101). This red 
iniag(? presently vanishes, and the grey papier resumes its 
natural appearance. The rose-red ghost which i.s thus de- 
A^eloped has a colour Avhich is complementary to that Avhich 
called it into existence, and this will also be the case if avc 
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employ little squares of other colours : reiT will give rise to 
•A greenish-blue image, blue to a yellow, violet to a green- 
ish-yellow, etc,, the colour of the image being always com- 
plementary to that which gave rise to it. On this account 
these images are called 7icgative^ since, as far as colour 
goes, they are just the reverse of the images which are first 
presented to the eye of the observer. They are also often 
spoken of in older treatises on optics as the accidental col- 
ours.” It is quite easy to explain their production with the 
aid of the theory of Young and Helmholtz. Let us take as 
an example the experiment just described. According to 
our theory, the green light from the little square of paper, 
acting on the eye, fatigues to some extent the green nerves 
of the retina, the red and violet nerves meanwhile not 
being much affected. When the green paper is suddenly 
jerked away by the string, grey light is presented to the 
fatigued retina, and this grey light may be considered to 
consist, as far as we are concerned, of red, green, and violet 
light. The red and violet nerves, not being fatigued, re- 
spond powerfully to this stimulus ; the green nerves, how- 
ever, answer this new call on them more feebly, and in con- 
sequence we have presented to us mainly a mixture of the 
sensations red and violet, giving as a final result rose-red or 
purplisli-red. The green nerves, of course, are not so fa- 
tigued that they do not act at all when the grey light is 
|)resented to them, but the only effect tliat their partial 
action has is to render the rose-coloured image somewhat 
•pale or whitish in appearance. The fatigue of the optic 
nerve mentioned here does not differ essentially from that 
which it undergoes constantly^, even under the conditions of 
ordinary^ use, where the waste is continually made good by 
the blood circulating in the retina, and by the little inter- 
vals of rest frequently occurring. In our experiment we 
have merely confined the fatigue to one set of nerves, in- 
stead of distributing it equally among the three sets. 

The above experiments and explanation will enable us 
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easily to comprcliond the more complieatect case, wlicre, in- 
stead of placing our little green square on grej^, we lay it 
on a sheet of coloured paper. Instead, then, of grey, let us 
take yelloAV paper, placing the green square on it as before, 
Fig. no. On suddenly withdrawing the green square, we 
find it re})laced l)y an orange-coloured gliost, Fig. ill, 
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Fir,. 110.— Yellow OroiiiKl wiili Green Fi«. 111.— Yellow Grouiivl with Or- 

Slij*. ange-coloured 


w'hicli ive account for tlius : As before, the green nerves 
are fatigued, the red and violet nerves remaining fresh ; 
when the square is I’ernoved, yellow light is presented to 
the retina, and this yellow light, as explained in Chapter 
IX., tends to act on the red and green nerves equally ; but 
the green nerves in tlio present case do T)ot respond with 
full activity, lienco the action is more confined to the red 
nerves, and, as explained in Chapter X., the resultant tint 
is necessarily orang(? — that is to say, we have a strong red 
sensation mingled with a weak green sensation, and the re- 
sult is the sensation c.alled orange. In this experiment the 
violet nerves do not come into play to any great extent. If 
the green square is placed on a blue ground, the image be- 
comes violet, for the rea.son that the blue light which is 
presented to the fatigued retina acts, as explained in Chapter 
IX., on the green and violet nerves ; but tlie green nerves 
being fatigued, the action is mostly confined to the violet 
nerves, and Imnce tlie corresponding sensation. In this 
case the red nerves hardly come into play at all. 
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It follows from llic above examples and reasoning that 
the final effect is, that we obtain as an after-image what 
amounts to a mixture of the coinplementary colour of the 
small square with tlie colour of the ground ; and, by recol- 
lecting this, we can easily retain this class of facts in the 
inemory. 

There is another similar experiment w^hich is simpler 
than those just described, but wdiicli is nevertheless instruc- 
tive. A small square of black paper is to be placed on a 
sheet of red paper, and the attention in this case is to be 
directed to a mark on the edge of tlie former. (See Fig. 
112.) When the black square is suddenly removed, the ob- 



Fia, — IUhI Grouini with Black Caper. 


server sees in place of it a more luminous spot, Avdiieh in 
the ease before ns w ill of course be red ; but wdiat is re- 
markable is the circumstance tliat this red image will be 
more intense or saturated in colour than the rest of the 
ground. The rest of the sheet of red paper wdll look a,i 
thoiigli grey had been mixed with its colour, Fig. 113. 
This experiment will of course succeed with paper of any 
bright colour, and Ilelmlioltz has found that the same ef- 
fects can be obtained wdth the pure colours of the prismatic 
spectrum. The explanation, according to our theory, runs 
about tlms : AVhile w^e are in the act of looking at the edge 
of the black square, red light is passing into the eye, and is 
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fatiguing all those portions of the retina that are not pro- 
tected by the presence of the black square ; it thus happeni? 
that the ability of the larger portion of the retina to receive 
the sensation of red is considerably diminished ; the ability 
of the protected portion of coarse suffers no such change. 



When the black square is suddenly removed, the unfatigued 
portion of the retina receives a powerful impulse from the 
red surface^ but the effect produced on the rest of the retina 
is inferior in degree. This accounts for the fact that the 
image of the square is brighter or more luminous ; and we 
c^an easily understand why it is at the same time more in- 
tense, or saturated in colour, if we remember, as explained 
in Chapter IX., that red light excites into action not only 
tlie red nerves, but to a less extent tlie green and violet 
nerves. Now, as the red nerves begin to be fatigued, the 
action of the other two sets will be relatively more power- 
ful than at first, so that gradually the sensations of green, 
and violet begin to add themselves to that of red (or, what 
is the same thing, the sensation of white mingles itself with 
that of red), and the red colour of the paper looks a Kttle 
greyish. The success of the experiment with the pure col- 
ours of the prismatic spectrum, which contain no white, is 
easily accounted for by the explanation just given. 

This matter can be f)iished even further if, instead of 
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employing a b*lack square, we take one whicli has a colour 
c complementary to that of the ground. We substitute then 
for the black square one coloured with emerald-green, and 
repeat the experiment. (See Fig. 114.) The result is much 
the same as before, except that the red ghost is now still 
more intense or saturated in colour, Fig. 115. When the 
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Fio. 114.— .Blue-gro6n Slip on Red Ground. Fig. 115.— Intense Red linaf^o on Rod 

Ground. 


experiment is made in this way we accomplish two objects : 
first, we ])rotoct a small portion of the retina from red light, 
so that it may be very sensitive to this kind of light after- 
ward ; secjond, we fatigue the green and violet nerves of 
this portion by presenting to them bluish-green light, so 
that aftiTward the red light from the red paper will be un- 
able to stimulate them even in a small degree ; hence the 
sensation that we receive is that of pure red, the action of 
the green and violet nerves being excluded. 

All these phonornena are cases of what is called succes- 
sive contrast, because we look in succession from one sur- 
face to another. AVhen coloure<i surfaces are placed near 
each other and compared in a natural manner, successive 
contrast plays an important part, and the appearance of the 
colours is more or less modified according to its laws. If 
we attempt to confine our attention to only one of the col- 
oured surfaces, this still holds good ; for the eye involun- 
tarily wanders to the other, and to prevent tliis rcqidres a 
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good d(^al of careful j>ractice, for fixed vision is quite op- 
posed to our natural liabit. It folio vv\s from this that, in 
the natural use of the eye, the negativ^c iTuagos, althougli 
present to sonic extcnit, are not sharp and distinct, and 
hence usually remain unobserveil Iiy ]>ersons not trained to 
observations of this character. IS-evertlielcss these images 
modify to a considerabhi extent the appearances of coloured 
surfaces placed n(‘ar each other, and the chajH/ts of line are 
visible enough to the most uneducated eye. 

One of tlu* most common cases belonging hero is repre- 
sented in Fig. ilG. ^Ve have a grey pattern traced on a 



Fjg. Groy on a (iroon Gronnd. 


green ground ; the tracery, however, will not appear pure 
grey, hut tinged with a colour complementary to that of 
the ground — that is, reddish. \\"e can, of course, substi- 
tute for the green any other bright colour, and it will ah 
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wayB be found that tlic grey is more or less tinged witlv tlic 
eomplementary hue. As black is really a dark grey, we 
should expect to find it also assuming to some extent a col- 
our complementary to that of the ground ; and this is in- 
deed tile case, though tlie effect is not quite so mai'ked as 
with a grey of medium d(*pth. Ciievreul, in liis great work 
on the simultaneous (‘ontrast of colours, relates an anecdote 
which illustrates the matter now under consid<‘ration. Plain 
red, violet-blue, and blue woven stuffs were given by cer- 
tain dealers to manufacturers, with the re<|uest that they 
should ornament them with black patterns. W’^hen the 
goofls were; returned, tlu‘ dealers coniplained that the pat- 
terns were not black, maintaining that those traced on the 
red stuffs were green, on the violet dark-greenish yellow, 
and on tlui blue oo[)p(‘r-coloured. (dievreid covered the 
ground with white paper in such a ^vay as to exjiose only 
tlie pattern, when it was found that its colour was ti'uly 
bla(*k, and the effects which liad been observed were entire- 
ly du(} to contrast. Tlie remedy in such cases is not to em- 
ploy pure black, but to give it a tint a little like tluit of tlie 
coloured grejund, taking care to make it just strong euoiigh 
to liaianee the hu(3 generated by contrast. If we sulrstitute 
a wliite pattern for tlie black, something of this same effect 
can oft(*n be observed, luit it is less marked than with grey 
or black. In cases like those now under consideration the 
contrast is stronger wlien the coloured surface is briglit and 
intense or saturat(*d in hue. The effect is also increased by 
entirely surrounding tlie second colour with the first ; the 
circnms(*ril)ing colour ought also to he eousiderably larger 
than its eompanion. When these conditions are observed, 
the effect of contrast is generally noticeable only on the 
smaller surface, the larger one being s^•arcely affected. 

When, on the otlier liand, tlie two coloured surfaces are 
about equal in extent, tlien botli suffer change. If it is de- 
sired to produce a strong effect of contrast, the coloured 
surfaces must be placed as near each other as possible. 
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This is beautifully illustrated in one of the methods em- 
ployed by Chevreul in studying the laws of contrast. Two 
coloured strips were placed side by side in contact, as shown 
in Fig. 117, duplicate strips being arranged in the field of 
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Fig. IIT. — Arrangement to show the Effects of Simultaneous Contrast, half size. 

view at some distance from each other. The tints of the 
two central strips were both altered ; those placed at a 
greater distance apart suffered no change. In the experi- 
ment represented in Fig. 117 the central ultramarine by 
contrast is made to appear more violet in hue, the central 
cyan-blue more greenish ; the colour of the outlying strips 
is scarcely affected. In this experiment we have an appli- 
cation of the rule alcove given for determining the changes 
wdiich colours experience under the influence of contrast. 
The rule is quite simple ; its application, however, involves 
a knowledge of the colours which are complementary to 
each other, as well as of the effects produced by mixing to- 
gether masses of coloured light. According to our rule, 
when two coloured surfaces are placed in contiguity, each 
i» changed as though it had been mixed to some extent 
with the complementary colour of the other. In the exam- 
jjle before us the ultramarine becomes more of a violet-blue, 
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because it is mixed, or seems to be mixed, with the comple- 
mentary colour of cyan-blue — that is, with orange. The 
cyan-blue appears more greenish, because it is virtually 
mixed with greenish-yellow, which is the complementary 
colour of ultramarine. As it requires a little consideration 
to predict the changes which colours undergo through con- 
trast, we give below a table containing the most important 


cases : 




Pairs of Colours. 

Chancre' due to ('oiitraRt. 

s Red 

. . Becomes 

moi 

c purjdish. 

i Oniiige 


tt 

yellowish. 

{ Red 

. . “ 

tt 

})urplish. 

\ Yellow 

It 


gro(uiisli. 

< Red 

tt 


brilliant. 

( Rlue-fi^reeii . . . 

iL 

tt 

brilliant. 

( Red 



tt 

ora.ng(‘-red. 

\ Blue 

‘‘ 

it 

greenish. 

( Red 

tt 

tt 

orange-rerl. 

\ Violet 

it 

tt 

bluish. 

i Orange 



tt 

red-orange. 

t Yellow 




grcenisli-yellow. 

( Oranpe 

“ 

tt 

rod -orange. 

( Green 

“ 


bluisb-gnjeii. 

\ Orani^e 


tt 

brilliant. 

{ Cynn-bluc 

it 

tt 

brilliani. 

\ Orau^a* 

l( 

tt 

yellowish. 

) Violet 

ii 

tt 

bluish. 

^ Y^ellow 


tt 

orange-yollow. 

( Green., 

ti 

tt 

bluish-green. 

* ( Yellow 



t( 

orange-yellow. 

} Oyan-ldiie 

<« 

tt 

l>]iu\ 

j Y^dlow 

tt 

tt 

brilliant. 

1 Ultraniarine-blue 



tt 

brilliant. 

^ Green 

tt 

tt 

yellowi.^li-green. 

\ Blue 

ft 


purplish. 

J Green 

tf 


yellowish-grccn. 

< Violet 


“ 

purplish. 

5 Greonish-vellow 


tt 

farilliant. 

( Vio](‘t 

(i 


l)riUiant. 

j Bine 

tt 


greenish. 

i Violet 

tt 


purplish. 
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It is easy and instructive to study the changes produced by 
contrast with the aid of a chromatic circle, Fig. 118, and it 



Fig. IIS. — Chromatic Circle. 


will be found tliat alterations in eolour produced by con- 
trast obey a \^cry sim])le law : When any two colours of 
the clironiatic circle are l>roiight into competition or con- 
trasted, the effect produced is apparently to move them 
both farther apart. In the case, for example, of orange 
and yellow, the orange is moved toward tlie red, and as- 
sumes the appearance of reddish -orange ; the yellow moves 
toward the green, and appears for the time to be greenish- 
yellow. Colours which are complementary are already as 
far apart in the chromatic circle as possible ; hence they are 
not changed in hue, but merely appear more brilliant and 
saturated. This is indeed the effect wliich a strict applica- 
tion of our rule leads to : the two colours are to be moved 
farther apart ; they are already situated on the opposite 
extremities of a diameter of the circle, and, if they are to 
recede still farther from each other, they can accomplish 
this in no other way than by moving outside of the circum- 
ference of the circle ; but this corresponds, as explained in 
the previous chapter, to an increase of saturation. If the 



CONTRAST. 


247 


experiments inMicated in the table are carefully repeated, it 
will be found that alJ the pairs of colours there enumerated 
are not equally affected by contrast. The changes of tint 
arc greatest with the colours which are situated nearest to 
each otlier in the chromatic circle, and much less with those 
at a distance. Thus both red and yellow are much changed 
by contrast, the red becoming purplish, the yellow greenish ; 
while red with cyan-blue or blue is much less atrected in 
the matter of displacement or change of hue. On the other 
hand, the colours which are distant from each other in the 
chromatic circle, wliilc suffering but slight changes in hue, 
arc made to apj)ear more brilliant and saturatcMl ; tliat is, 
they are virtually moved somewhat outside of the circle, 
the maximum effect taking place with colours which are 
complementary. 

Colours whicdi are identical are affected by contrast in 
exactly the opposite way fi'oni those which are complemeTi- 
tary ; that is, they ar(j made to appear duller and less satu- 
rated. The author finds that these and other effects of 
contrast can be studied with great advantage by the aid of 
two identical chromatic circles laid down on paixvr. One 
set of tliose lines should be traced on a sheet of transparent 
paper, which is afterward to be placed over the companion 
circle. The use of these circles will best be made evident 
with the aid of an example. Let us suppose that wo wdsh 
to ascertain with their aid the effect produced hy red, as 
far as contrast goes, on all the other colours, and also on 
red itself. We place the transparent circle on its compan- 
ion, so that the two drawings may coincide in position, 
and we then move the upper circle along the dijiimder join- 
ing red and green-blue some little distance, so that the two 
circles no longer have the same common centre. We then 
transfer the points marked red, orange, yellow, etc., on the 
upper circle, by pricking with a pin, to the lower circle, and 
these pin-marks on the lower circle will indicate the changes 
produced on all the colours by competition with red. Fig. 
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119 gives the result. The stars on the dotted circle repre- 
sent the new positions of the different colours when con-, 
trasted with red. If Ave examine them we find that red 
when contrasted with greenish-blue causes this last colour 
to move aAvay from the centre of the circle in a straight 
line ; hence, as the neAV point is on the same diameter, but 
farther from the centre, we knoAv that the greenish-blue is 



Fro. — Chromatic Circle displnced by Ccmlrast, showing the eirects prodiicod by the 

red on the other colours. 


not made more or less blue or green, but is siin}»ly caustid 
lo appear more saturatcMl or brilliant. The new point for 
the red lio>s also on the same diameter, but is nearei* to the 
centre of the circle ; that is, the colour remains red, Init 
Jippears duller or less saturated. Experience eonfbans this. 
If a considerable number of pieces of red clotli, for exain- 
})le, arc examined in succession, the last one Avill appear 
duller and inferior in brilliancy to the others, but it Avill 
still appear red. Proceeding with the examination of the 
etfects produced on the oth(?r colours, we find tliat orange 
has been moved tOAvard yellow, and also toAvard tlie centre 
of the circle ; hence our diagram tells us that red, when put 
into competition wdth orange, causes the latter to appear 
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more yellowish and at the same time less intense. Advanc- 
ing along the circumference of the circle, our diagram in- 
forms us that yellow is not much affected in the matter of 
saturation or intensity, but is simply made to appear more 
greenish. The two circles during superposition cut each 
other near the position of yellow ; from this point onward 
the effect changes as far as intensity or saturation is con- 
cerned, the* greenish-yellow being moved decidedly outside 
of the original circle, as well as toward the green ; it is 
made therefore, by contrast with red, to appear more bril- 
liant as well as, more greenish. Green is made to appear 
somewhat bluisli, and more brilliant. Greenisli-blue has 
been considered. Cyan-blue is made to appear slightly 
more greenish as well as mii(‘h more briLIiant ; the same is 
triu^ of blue, tliough its increase in brilliancy by contrast 
witli red is rather less than in the case with cyan-blue. 
Violet has its liue considerably altciXHl toward blue ; its 
saturation is diminished. Purple is made to look more viol(*t, 
and is miKdi diminished in saturation. If we wish to study 
th(‘ elTects produced on tlie colours of the ehi’omatic circle 
l)y contrasting them witli yellow^, we Imve of course merely 
to dis|)lacc the u]>per cirido along the line joining yellow^ 
and its complement ultramarine-blue, and then proceed as 
before. The proper amount of disjilacement will of course 
not l>e very large, and can be approximately determined by 
e\])eriment ; tin* ii|)per circle, namely, is to bo moved, so 
that -the colours situated on either side of tlie ])oints where 
the circles cut each other sliall, in (he diagram, Fig. 118, be 
made to suffer changes of mtiiratloji corresponding to the 
resuits of actual experiment. 

It is quite evident that this contrast-diagram will fur- 
nish 'Correct results only on condition that the colours in it 
are properly arranged ; if the anguhir positions of the col- 
ours are laid down falsely^, the results, in the matter of in- 
crease or diminution of brilliancy or saturation, will also be 
false. The author has made many experiments to settle 
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Fio. 120,-“Coiitra.st-r>jai^rani according to O. N. Kood, 

this question, and in Fig, 120 gives his result in the form 
of a diagram ; the same result is given below in the form 
of a table : 


Table showing the Distances of the Colours from each other in the 
Contrast-Circle, according to 0. N. R . 

Angular Distances. 


Pure red to vermilion 6*^ 

Vermilion to red lead lO'* 

Red lead to orange V)*" 

Orange to orange-yellow SS*" 

Orange-yellow to yellow 28^^ 

Yellow to greenisli-yellow 23° 

Greenish-yellow to yellowish-green 13° 

Yellowish-green to green 22° 
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Green to emerald-green 10''' 

Emerald-green to very greenish blue, or to compleirient of 
carmine 18” 

Tlie hues of the papers employed in these experiments were 
determined with some degree of accuracy by comparing 
them with a normal spectrum nearly six times as long as 
that furnished by a single flint-glass yjrism, and at tlie same 
tiTiie brilliant and pure. (See Chapter III.) 'Phe following 
table gives the positions of these coloured papers in a nor- 
mal spectrum, containing from A to II 1,000 equal parts ; 
the corresponding wave-lengths are also given : 


Coloured raiK'rS- 


Ppectral red (vermilion washed with carmine) 

V ennilion (English ) 

Red lead 

Orange 

Yellow (pale eiirome) 

Greenish-yellow 

Vfdlow-greeii 

Green 

Emerald-green 

Cyan-blue ‘2 

lUtramarine, natural 

Ultramarine, artificial 


l' 

ir<»sifioTi ill Nur- 
j jnal Speornun. 

Wave -Ion jrth in 
iu0665<s<) mm. 

1 285 

6r»fi2 

1 

6290 

i 422 

6061 

1 448 

6000 

! 488 

5820 


5049, 

j en-i 

5r387 

1 600 

51 1 1 

j 618 

52rjG 

1 716 

4991 

j 785 

4735 

857 

4472 


Violet (“ IloUrnann's violet B. B/’) Ratlier more reddish than 


any violet in the spectrum. 


From the foregoing, then, it is evident in general that 
the effect of contrast may be helpful or harmful to colours : 
by it \hey may be made to look more beautiful and pre- 
cious, or they may damage each other, and then appear 
dull, pale, or even dirty. When the apparent saturation is 
increased, we have the first effect ; the second, when it is 

diminished. Our diagram, Fig. 119, shows that the satiira- 

k2 



252 


MODERN CRHOMATICS. 


tioii i>s diminished when the contrasting colours are situated 
near each otlier in the cliromatic circle, and increased when 
the reverse is true. It might be supposed that we could 
easily overcome the damaging effects ol* harmful contrast 
by simply making the colours themselves from the start 
somewhat more brilliant ; this, however, is far from being 
true. The pleasure due to helpful contrast is not mevrely 
owing to the fact that the colours appear brilliant or satu- 
rated, but that they have been so disposed, and provided 
with sucli companions, that they are made to glow with 
iuore tlian their natural brilliancy. Then they strike us as 
precious and delicious, and this is true even when the actual 
tints are such as we would call poor or dull in isolation. 
From this it follows that paintings, made up almost entirely 
of tints that by themselves seem modest and far from bril- 
liant, often strike ns as being rich and gorgeous in colour ; 
while, on the otlier hand, the most gaudy colours can easily 
lie arranged so as to produce a depressing effect on the be- 
holder. We shall see hereafter that, in making chromatic 
compositions for decorative purposes or for paintings, artists 
of all times have necessarily been controlled to a eotisider- 
ablc extent by the laws of contrast, which tliey have in- 
stinctively obeyed, just as children in ^calking and leaping 
respect tlie law of gravitation, though unconscious of its 
existence. 

The phenomena of contrast, as oxliiliited l>y colours 
which arc intense, pure, and brilliant, are to be explained 
to a oonsideralde extent by the fatigue of tlu? nerves, as- 
set forth in the early part of the pri^sent cliapter, ddie 
changes in colour and saturation become jiarticularly con- 
spicuous after soniewdiat prolonged observation, and are 
often attended with a peculiar soft glimmering, which 
seems to float over the surfaces, and, in the case of colours 
tliat are far apart in the chromatic circle, to lend them a 
lustrous appearance. Still, upon the whole, the effects of 
contrast witli brilliant colours are often not strongly marked 
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at first glance, from the circumstance that the colours, by 
virtue of their actual intensity and strength, are able to 
resist these changes, and it often requires a practised eye 
to detect tliein with certainty. The case is quite other- 
wise with colours which are more or less pale or dark — that 
is, Avliicli are deficient in saturation or luminosity, or both. 
Here the oi iginal sensation produced on the eye is compara- 
tively feeble, and it is hence more readily modified by con- 
trast. In these cases the fatigue of tlu‘ nerves of the retina 
plays hut a very subordinate part, as we recognize the ef- 
fects of contrast at the first glance. W e have to deal here 
with what is known as shiiultaneous contrast, the effects 
taking place when the two surfaces are as far as possible 
regard(‘d simultaneously. In the case of simultaneous con- 
trast tlie changes are due mainlv to fluctuations of the 
judgment of the observer, but little to the fatigue of the 
retinal nerves. 

We carry in ourselves no standard by which wo can 
measure the saturation of colour or its exact place in the 
chromatic scale ; hence, if Ave have no undoubted external 
standard at hand with which to compare our colours, we 
are easily deceived. A slip of paper of a pale but very 
decided blue-green hue Avas placed on a sheet of pa})er of 
tlie same general tint, but somewhat darker and more in- 
tense or saturated in hue. The small slip now a]>peared 
pure grey, and by no effort of the reason or imagination 
could it be made to look otherwise. In tliis experiment no 
undoubted pure grey was present in the field of view for 
comparison, and in point of fact the small slip did actually 
approach a pure grey in hue more nearly than the large 
sheet ; hence the eye instantly accepted it for pure grey. 
The^-yiatter did not, however, stop here. A slip of pure 
grey paper Avas now brought into the same green field, but, 
instead of serving as a standard to correct the illusion, it 
assumed at once the appearance of a 7xddish-gxey . The 
pure grey really did approach reddish-grey more than the 
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green field surrounding it, and hence was accepted for this 
tint. The same pale blue-green slip, when placed on a pale- 
reddish ground, assumed a stronger blue-green hue than 
when on a white ground. In the first of these experiments 
w^e have an illustration of harmful and in the second of 
helpful simultaneous contrast. The result in both cases co- 
incided with tliat whicli successive contrast would have 
produced under similar circumstances. 

It has been stated above that the effects produced l)y 
simultaneous contrast are due not to retinal fatigue, but to 
deception of the judgment ; now, as the effects of simulta- 
neous contrast are i(h‘ntical in kind with those generated by 



.Fi«. 121. — Shadow of Uod in Darkened lloom. 


successive contrast, it is evident that the statement needs 
some proof. This can be furnished with the aid of a beau- 
tiful experiment with coloured shadows. In making this 
experiment wo allow white daylight to enter a darkened 
room through an aperture, A, arranged in a window, as in- 
dicated in Fig. 121. At R we set up a rod, and allow its 
shadow to fall on a sheet of white cardboard, or on the 
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white wall of the room. It is evident now that the whole 
of the cardboard will be illuminated with white light, ex- 
cept those portions occupied by the shadow 1. We then 
light the candle at C, Fig. 122 ; its light will also fall on 



Fig. 122.-~Shado\v3 of Kod, using- Daylight and Candlo-light. 


the cardboard screen, and will tlien cast the shadow 2 ; that 
is, the candle-light will illuminate all parts of the screen 
except those occupied by the shadow 2 ; this portion will 
he illuminated with pure white liglit. Instead, however, of 
appearing to the eye white, the shadow 2 will seem to be 
coloured decidedly For the production of the most 

powerful effect, it is desirable that the shadows should 
have the same depth, which can be effected by regulating 
the size of the aperture admitting daylight. Now, although 
the shadow cast by the candle is actually pure white, yet, 
by. contrast with the suiTounding orange-yellow ground, it 
is made to appear decidedly blue. So strong is the illusion 
that, even after the causes which gave rise to it have disap- 
peared, it still persists, as can be shown by the following 
experiment of Helmholtz : While the coloured shadows are 


256 


MODERN CHROMATICS. 


falling on the screen, they are to he viewed through a 
blackened tube of cardboard, held in such a way that the 
observer has both the shadows in liis field of view ; the ap- 
pearance then will be like that represented in Fig. 123. 



Fid. lilue uini Yo.low Sh.ul.iu'.s vivUveJ tljirojgii a Tube. 

After the blue shadow has developed itself in full intensity, 
the tube is to be moved to the left, so that the blue shadow 
may fill the whole field. The tube being held steadily in 
the new position, the shadovf will still continue to appear 
blue instead of white, even although the exciting cause, viz., 
the orange-yellow candle-light, is no longer acting on the 
eye. The candle may be blown out, but the surface will 
still appear blue as long as the eye is at the tube. On re- 
moving the tube, the illusion instantly vanishes, and it is 
perceived that the colour of the surface is identical with 
that of the rest of the screen, which is at once recognized 
as white. In a case like this the fatigue of the retinal ele- 
ments can play no part, as the illusion persists during a far 
longer period of time than is necessary for their compiot6 
rest ; we must hence attribute the result to a deception of 
the judgment. Expressing this in the language of Young’s 
theory, we say that the sensation of white is produced 
when the three sets of nerves, red, green, and violet, are 
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stimulated to about the same extent ; but that nevertheless, 
as we have in ourselves no means of judging with certainty 
about this equality of stimulation, we may under certain 
circumstances be induced to accept an unequal for an ccpial 
stimulation, or the reverse. In the experiment with the 
coloured shadows we had before us in the shadow due to 
the ('andle-flame an equal stimulation, which by contrast 

Avere in the first instance induced to accept as unequal, 
and the judgment afterward obstinately persisted in the 
error till it was corrected and took a new departure. 

This experiment may be modified and extended by tlie 
use of coloured glasses instead of a candlcdlarne. The win- 
dow is to be provided with two apertures, one of which is 
to be covered witli a piece of stained glass, through which 
sunshine will be admitted to the darkened room ; the other 
aperture wull admit wliite light, as before. If red glass be 
employed, the colour of the shadow s will appear red and 
greenish-blue. In each case the shadows will assume cora- 
j)leinentary colours. 

Tlie effects of simultaneous contrast can also be studied 
with the aid of a contrivance of Ragoiia Scina, Two sheets 
of white cardboard are attached to a couple of boards fast- 
ened together at a right angle, as indicated in Fig. 124, 
Between the boards a plate of rather deeply coloured glass, 
G, is to be held in the manner shown in the figure, so that 
it makes, with the vertical and horizontal cardboards, an 
angde of about 45°. If the eye is placed at E, two masses 
of light wdll be sent to it. From tlie vertical cardboard 
white light will start, and, after being reflected on the glass 
plate G, will reach the eye. This light will be white, or 
almost entirely white, even after suffering reflection, owing 
to Ihe circumstance that, wdth a deeply coloured plate of 
glass, the reflection takes place almost entirely from the 
upper surface, or from that turned toward the light. The 
second mass of light wdll proceed from the horizontal plate 
H : originally of course it was white light, but on its way 
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to the eye it traverses the glass plate, and becomes coloured 
by absorption. If the glass plate is red, this light when it 
reaches the eye will of course have the same colour ; conse- 
quently the first result is that we have presented to the eye 



Fig. 124. — Apj»aralus of Kagona Sciua for Contrast. 


a mixture of red with wlvite light, which will give the 
observer the idea that he is looking at an horizontal, square 
field of a somewhat pale reddish tint. If now a small 
black square be attached to the vertical cardboard at B, of 
course no white light can come to the eye from this portion 
of the cardboard, and the image of this spot will seem to 
the eye to be at ft, on the horizontal board under the eye. 
Under ordinary circumstances this image would appear 
black ; in point of fact, however, in this case it appears 
deep red, owing to the red light transmitted by the plate 
of glass. Thus far the arrangement amounts to a d«?fv^icc 
for presenting to the eye a mixture of red with white light, 
the white light being absent at a certain spot, which conse- 
quently appears of a deeper red. A similar black square 
is now to be placed on the horizontal board at c ; it will of 
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course prevent the light from the place it covers from 
reaching either the red glass or the eye, and under ordinary 
circumstances would be perceived simply as a square black 
spot. Owing, however, to the fact that the upper surface 
of the glass plate is reflecting white light to the eye, it 
really appears as a grey spot. The final result is, that we 
present to the eye at E a picture like that indicated by 
Fig. 125 ; that is, on a pale«red ground we have a spot 
which is pure grey, and near it one which is deep red. 


PALE RED 



Fig. 125. —Colours that aro really presented to tho eye in the experiment of Rai'ona 

Sdnu. 


Owing to contrast, however, the appearance is different : 
instead of a grey spot, we see one strongly coloured green- 
blue (Fig. 120). This effect is partly due to contrast with 


PALE RED 


FED 


dREEN 

BLUE 


^ Fro. 126.— Colours that are apparently presented to the eye. 

the pale red of the ground, but still more to the presence 
of the deep-red spot. This latter we can remove by taking 
away the black square B, which diminishes the effect con- 
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siderably. But now comes the most curious part of this 
experiment : If we select a squai’e of grey paper which has 
the same color with the grey square seen in the apparatus 
arranged as in Fig. 124 (apart from effects of contrast), and 
place it over the glass plate and near the other two images, 
it will not he affected in colour, or only to a slight extent. 
In point of fact, we now have, side by side, on the same 
field, two gi’ey squares quite identic^al in actual colour, but 
one appears by contrast blue-green, wliile the other is not 
affected, but is perceived by the eye as being sin)ply a 
square of grey j)apcr. As soon, however, as the observer 
rc‘cognizes the fact that these two squares really have the 
same grey colour, the illusion instantly vanishes, and both 
of them remain persistently grey. It is evident that in 
this case, as with the coloured sliadows, the judgment is at 
fault rather than the retinal nerves ; for, as soon as an 
opportunity offers, it corrects itself and takes a new de- 
parture. Tlie illusion in this case, as well as with the col- 
oured shadows, is produced quite independently of the 
knowledge of the observer, who may indeed bo a trained 
physicist, minutely acquainted w-ith the exact facts of the 
ease, and with all the details employed in producing the 
deception, and still find liimself quite unable to escape from 
its enthrallment. 

The simple experiments of H. Mayer are less trouble- 
some than those just described, and at the same time highly 
instructive. A small strip of grey paper is placed on a 
sheet of green paper, as indicated in Fig. 127 ; it will be 
found tliat the tint of the grey paper scarcely changes, un- 
less the experimenter sits and stares at the combination 
for some time. A sheet of thin semi-transparent w^hite 
paper is now to be placed over the whole, when it will * in- 
stantly be perceived that the colour of the small slip has 
been converted by contrast into a pale red. Persons seeing 
this illusion for the first time are always much astonished. 
Here we have an experiment showing that the contrast 
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produced by strong, saturated tints is much feebler than 
with tints which are pale or mixed with much white light ; 
for, by placing tissue paper over the green sheet, the colour 
of the latter is extraordinarily weakeno<l and mixed with a 


GREEN 


GREY 


Fig. 127.— Green and Grey Paper^i, for Expciiment on Contrast ; ono-fourth aize. 

large quantity of white light. In this experiment it often 
hajipens that the red, which ivS due to contrast alone, seems 
actually stronger than the green ground itself. If, instead 
of using a slip of grey paper, we employ one of black, the 
contrast is less marked, and still less with one of white. 
It is scarcely nec^essary to add that, if red pajier is em- 
ployed, the small grey slip becomes tinted by contrast 
with tlie complementary colour, i. e., greenish-blue ; the 
same is true Avith the other colours. 

I^y preparing with Indian ink a series of slips of grey 
paper, ranging from pure white to black, an interesting 
series of observations can be made on the conditions most 
favourable for the production of strong contrast-colours. 
The strongest contrast will be produced in tlie case of red, 
orange, and yellow, when the grey slip is a little darker 
than the colour on wiiieli it is placed, the reverse being 
true of green, blue, violet, and purple ; in every case the 
contrast is Aveaker if the grey slip is much lighter or much 
darker than the ground. We must expect then, in paint- 
ing, to find that neutral grey will be more altered by pale 
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tints of red, orange, or yellow, which are slightly lighter 
than itself, and that the grey will be less altered by these 
colours when differing considerably from it in luminosity. 
An analogous conclusion with regard to green, blue, violet, 
and purple can also be drawn ; these colours should be 
darker than the grey slip. Saturated or intense colours in 
a painting have less effect on white or grey than colours that 
are pale. This was shown in the preliminary experiment, 
where grey was placed on a ground of strong colour. In 
repeating these experiments, it will be noticed that the 
effect of contrast is stronger Axith green, blue, and violet 
than with red, orange, or yellow ; that is to say, it is 
stronger with the cold than with the warm colours. If 
now we reverse our mode of proceeding, and place a small 
coloured slip on a grey ground, and cover the whole wdth 
tissue paper, it Avill be difficult even Avith a green slip to 
observe any effect of contrast. With a green slip, one 
sometimes imagines that the white sheet looks slightly 
pinkish or purplish for an instant, but the effect is quite 
uncertain. This is another illustration of the fact that, for 
the production of strong effects of contrast, it is necessary 
that the active colour should have a surface considerably 
larger than the one to be acted on ; the former ought also, 
if possible, to surround the latter. There is, hoAvever, a 
limit beyond which this can not be carried. If the smaller 
field is reduced too much in size, it is liable to melt to a 
certain extent into the larger field of colour, in which case 
we obtain, not the effect due to contrast, but that pro- 
duced by a mixture in the eye of the two colours ; this is 
indeed one method employed by artists for the mixing of 
their colours. 

Leaving now the contrast betAveen pale colours and 
pure grey, Ave pause to consider for a moment the contrast 
of pale colours with each other. The laws governing this 
species of contrast have already been explained in detail in 
an earlier portion of the present chapter, and a construction 
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has been given by which the reader can study the diifer- 
• ences produced in hue and saturation. To this it may now 
be added that, where pale tints are used in juxtaposition, 
the phenomena are those of simultaneous contrast, the ret- 
inal elements experiencing scarcely any fatigue ; hence the 
effects are due to deceptions of the judgment, and occur 
instantly. They are more marked than w ith intense or satu- 
rated colours, and the effects produced even tnuch more sur- 
prising. These effects are heightened if the contrasted col- 
ours have about the same degree of luminosity, or differ in 
the same manner as in the spectrum ; that is, if the warm 
colours are selected so as to be rather more luminous than 
those that are cold. In Chapter III. the reader will find a 
table showing tlie relative luminosity of the different col- 
ours of the spectrum, and, what is still more to our purpose, 
another giving the relative luminosity of the different com- 
ponents of white light. 

We must next examine the effects that are produced by 
contrasting colours that differ in luminosity or in satura- 
tion. If the two colours are identical except in the matter 
of saturation, it will be found that the one which is more 
saturated will gain in intensity, while its pale rival will 
appear still paler. A slip of paper painted with a some- 
what pale red, Avdicii placed on a vermilion ground, appears 
still paler, and may actually be made to look Avhite. If a 
still paler slip be used, it may even become tinged greenish- 
blue, its colour being in this case actually reversed by the 
effect of contrast. With the aid of the two movable chro- 
matic circles shown in Fig. 119, it is easy to trace these 
changes theoretically. As a pale colour, or one mixed with 
much white, already lies near the centre of the upper cir- 
cle,** a small displacement carries it to the centre, that is, 
makes it appear white ; or it may even transport it beyond, 
and cause it to assume the complementary colour. When 


* See Chapter XIV, 
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the colours differ in luminosity, analogous effects are ob- 
served. ^ dull-red slip was placed on a vermilion ground ; 
the effect was as though a quantity of grey had been added 
to the slip ; it looked more dingy and somewhat blackish. 
Another slip still darker and containing less red, when 
placed on the same ground, looked as if it were tinged with 
olive-green ; a still darker slip, with still less red colour, 
treated in the same w’^ay, looked black with a tinge of blue ; 
when, however, this last slip was placed on a white ground, 
or com])ared with true black, it w’^as seen that its colour 
was far from black. The general result of contrasting col- 
ours which differ much in strength, then, is that ^he feebler 
one appears either more whitish or greyish, or assumes the 
complementary tint ; the stronger one, on the otlicr hand, 
appe^fl’S still more intense. If the strong and weak colours 
are complementary to each other, then each of them gains 
in intensity and appears purer, this gain seomiiig to be 
greater in tlie case of the pale thit. From this it follows 
that, while the juxtaposition of strong with feeble colours 
usually injures or greatly alters the latter, colours tliat are 
complementary furnish an exception, the reason of which is 
evident at the first glance. 

When the pale or dark colours are not complementary 
their more intense or brilliant rivals, they undergo the same 
clianges indicated in the table on ])age 245, the changes in the 
case of tlie dull or pale colours being considerably greater; 
In proportion as the colours are distant from each other in 
the chromatic circle do they gain in saturation and beauty ; 
while as they approach their character is altered, and they 
are apt to look very pale, or, in the case of the dark col- 
ours, blackish or dirty. This is particularly so when the 
brilliant colour is large in surface and surrounds the darker 
one ; with reversed conditions the effect is not so much 
felt. Thus, a somewhat dull red near vermilion no longer 
looks red, but brown ; a dull orange tint on the same 
ground looks like a yellowish-brown. 
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It miglit be supposed from wbat lias preceded that col- 
,ours would enrich each other only when separated by a 
large interval in the chromatic circle ; and from a purely 
physiological point of view this is indeed true. Stilly there 
are otlier iniiaences of a more spiritual character at work, 
which modify and sometimes even reverse this lower law. 
Thus, the presence of paler colour in a painting near that 
which is richer often passes unperceived, simply making the 
impression of a higher degree of illumination* We recog- 
nize the representation of a Rood of light, and delight in it, 
without linding fault with the pale tints, if only they are 
laid with decision and knowledge. Again, pale colour we 
delight in as representing tlic distance of a landscape ; tlie 
pale greenish-greys^ bluisli-greys, and faint tints of j)Lirple 
which make it up, we never think of putting into envious com- 
petition with the ricli intense colours of the foreground, l)ut 
enjoy each separately, and rejoice in the elfect of atmosphere 
and distance, Avhicli neither kind of colour alone by itself 
could adequately render. That is to say, for the sak<‘ of 
liglit and atmosphere ox distance, we gladly sacrifice a large 
portion of tlie powerful tints at oiii* disposal, and consi<i(‘r 
ourselves gainers. The same is also true in another di- 
rection : we are ready to make the same sacrilice for the 
sake of avoiding monotony and gaining variety, provided 
only we can justify tlie a<*t by a good reason. Cases of 
this kind often occur in large masses of foliage, wdiieh, if 
of the same genei’al colour, arc apt in a painting to look 
monotonous and dull, unless great labour is bestowed in 
rendering the light and shade and the small differences of 
tint which actually exist in nature. Under such eireiim- 
stances the observer feels a certain relief at the presence of 
a fcAV groups of foliage which are decidedly x>alcr in colour 
than the surrounding masses, jirovided only there is a good 
excuse for their introduction. Willow-trees agitated by 
wind, and shoAving the under sides of their leaves, which 
are of a jiale-greenish hue, offer a familiar example. 
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Again, the mere contrast of dark or dull tints enhances the 
colour and luminosity of those that are briglit, and the ob- 
servcT receives the impression that he is gazing at a mass 
of gay and beautiful colouring, scarcely noticing the pres- 
ence of the much larger quantity of tints that are darkened 
by being in deep shade. These darkened shade-tints are 
usually Jiot variations of the same hue as the briehter tints, 
l)ut are more bluish ; so that, tecihnically, the (iombinations 
woidd often present instan(‘es of harmful contrast, were it 
not for the fact that the bright and dull tints do not belong 
even to the same chromatic circle, but to circles situated in 
different |)lancs, as explained in the previous (diapter. Put- 
ting this into more ordinary language, Ave should say sim- 
ply that the strong contrast of light and sliade masked such 
effects of Iiaianful colour-contrast as were present. There 
is, however, aiiotlier case Avliere Ave are not so indiirererit or 
lenient. AVhere tAVO objects are placed near each other in 
a painting, and tliere is good reason why both should dis- 
play the same colour with equal iTitensity, if ojie is painted 
witli rich colour, the otlier Avitli n j)a]e or dark shade of the 
same colour, then tlie latter Avill look either washed out or 
dirty, and a bad effect Av ill be produced. As a familiar 
illustration of this kind of effect, we may allude to the use 
in dress of tAvo Avidely differing shades of ribbon, whicli 
have still the same general colour. 

There is a still more general reason upon Avhich the 
pleasure that we experience from contrast depends. After 
gazing .at large surfaces filled Avith many varieties of warm 
colour, skillfully blended, we feel a peculiar delight in 
meeting a few mildly contrasting tints ; tluiy prevent us 
from lacing cloyed Avith all tlie wealth of rich colouring so 
lavishly displayed, and their faint contradiction makes us 
doubly enjoy the richer portions of tlie painting. So also 
Avhen the picture is mainly made up of cool, bluish tints : 
it is tlu n extraordinarily strengthened and brightened by a 
few toLiehes of warm colour. Precisely the same idea 
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holds good in drawings destitute of colour, and made up 
merely of lines : if the drawing is composed mainly of soft 
flowing carves, a few slanting straight lines across them 
seem delicious ; or, to take a parallel case from another 
department of art, in a discourse which is mainly grave in 
lone the introduction of a few slight touches of hinnour 
brightens and warms the audience most j)leasantly. If 
there is about an e(]nal quantity of gay and sombre tints, 
tlie effect is less good, becoming particularly bad wlien the 
composition is divided up into many alternate grou})s of 
gay and pale or sombre colours, impartially distributed. 

llefore concluding this chapter, it is necessary to add a 
few words with regard to the simple contrast of light and 
shade, that is, v here all the eleiTK^nts are com]>riseri by 
white, black, and intermediate sliades of gr(‘y. As miglit 
be expected from what has preceded, winai a light grey is 
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Fig. *12S. -- 'fri'l Wiiito Disk 
for Kxperii)i<:iiL on < 'oiUrast . 

placed near a darker grey, the light sliado appears still 
lighter, the <lark shade still darker. This can he beautifully 
shown with the aid of our very convenient revolving disks. 
We take a black and white disk painted as represented in 
Fig. 128. When this disk is set in rotation, it will, on ac- 
count of tlie mixture of the black and white, produce a 
series of grey rings, growing darker as we proceed from 




disk, i'k:. \ is sot into r.-ipicl 

rutatioa. 



268 


MODERN CHROMATICS. 


the circumference toward the centre. Each ring, from the 
circuTn.stances of the case, will as a matter of fact have an 
absolutely uniform vshade of grey, but nevertheless it Avill 
not appear so to the observer. The rings will appear to liini 
not uniform, but shaded, the lightest shade being always 
turned inward toward the centre, as rouglily represented in 
Fig. 129. Where a ring comes in contact with one that is 
lighter than itself, it is made to look darker ; v ith one 
darker than itself, to look lighter. The same effect can be 
observed by painting a series of pieces of paper with difl\w- 
ent flat tints of grey, and then arranging them to corre- 
spond with the disk experiment ; tliey will present an 
appearance like that indi(*at(.‘d by Fig. 130. It is hardly 



Fig. 180 . — Slip:? of {xroy paper made to api>ear siiarlcd l)y contrast. 


necessary to add that in liglit-and-shade drawings, as well 
as in nature, appearances of this kind, more or less modified, 
arc of constant octnuTcnce. One of the most common cases 
is where range after range of mountains rise behind one 
another, tlic lower portions of the distant ranges appearing 
lighter than the upper outlines. During rain, rang^.s of 
hills often exhibit this phenomenon with astonishing dis- 
tinctness. Even when the light and dark tints are at quite 
a distance from each other, the phenomena of contrast pre- 
sent themselves if there is much difference in the depth of 



CONTRAST. 


269 


the two sets of shades. It is a very common experience 
4:hat the sky of a landscape in a drawing turns out too pale 
after the rest of the drawing is completed. Contrasted 
with the white paper of the unfinished sketch, it may look 
quite right ; but, after the deeper tones of the distance and 
foreground are added, may become quite insignificant. 
Again, a few decidedly black touches in a drawing will 
often by contrast lighten up portions that liad previously 
seemed considerably too dark ; or a few louches of pure 
wliite will apparently darken spaces that had seemed pale 
and weak. In each case the observer is furnished by exter- 
nal means wdth a standard for measuring the depth of the 
shade, and induced to use it rather than his memory. By 
the skillful employment of contrast, draAvings in light and 
shade can be made to appear luminoas and l>rilliant, or rich 
and deep ; neglect of this element produces tameness and 
feebleness. The contrast of light with dark shad(‘s is not 
inferior in power to that of warm with ('ool tints ; and, in 
point of fact, the contrast of white witli black is the strong* 
est ease of contrast possible. We have on the one hand 
the presence of all tlie colours, on the other tlu‘ir total ab- 
sence. irenee, as has been noticed before, tlie contrast that 
takes place between liglit and shade will sometimes mask 
or even reverse that which occurs wdth different colours. 
We can perliaps better tolerate a shorteoming in the matter 
of eolour-eontrast than in that of light and shade ; if the 
latter is riglit and powerful, we forgive a limited amount of 
inferiority in the former, merely remarking that the work 
is, rather slight or pale in colour, but not on tliat account 
j^'onouncing a verdict of total condemnation. On tlie other 
hand, if the colour as such is right, but the depth of the 
differcait tints mostly defective, tlien the whole is spoiled, 
and we contemplate the tints, lovely enougli in isolation, 
with no satisfaction. We forgive, then, a partial denial of 
the truths of colour more easily than those of light and 
shade, which |>rol):vbly is a result of the nature of the 
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cal education of the race. For the human race, thus far, 
light and shade has been the all-important elemc^nt in the 
recognition of external objects ; colour has played only a 
subordinate part, and has been rather a source of pleasure 
than of positive utility. 

All that has been said with regard to the contrasts of 
white, black, and grey, wdth slight modification, a]>plies to 
any single colour taken by itself ; for instance, to drawings 
executed in one colour oidy, such as blue or brown. From 
this it results that every colour is capable of exhibiting two 
kinds of contrast, viz., that involved by competition with 
other colours and that of mere light and shade. 

Tlie contrast of white, black, and grey w ith the series of 
positive colours remains to be noticed. Taking up those in 
order, we find that nnl wlicn placed on a white ground ap- 
pears darker and rather more intense in hue ; on a black 
ground it becomes tinted somewliat orang(‘-red, and looks 
of course more Inminous. Both these effects are probably 
due ultimately to mere contrast of light and shade ; the 
wdiite ground makes tlie red by contrast look darker. But 
w e are accustomed to see red Avben it is darktmed recede 
from orange and approacli pure red, or even perhaj>s to be- 
come somewhat pnrplisli ; hence it appeal's so in this case ; 
it is an instance of (‘xpectant attention. When red is 
placed on a black ground, it is made by contrast to look 
more luminous ; but we are accustomed to see luminous red 
become tinted Avith an orange hue ; lumce the result. Red 
on grey grounds of vivrious depths nndergoes modifications 
corresponding to those just mentioned. Rale red, i. e., rorl 
mixed with much white, on a white ground, gains in inten- 
sity of colour ; on a black or dark-grey ground it loses 
intensity, and approximates to pure Avliite in apj^eai'aiice. 
Here the contrast of light and shade is so strong as to cause 
tlie colour to pass almost iin perceived ; or we may say pale 
red really does apjiroach much nearer to pure wlfile than 
black, and bence is at last accepted for it. Dark, dull red 
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on a wliite ground may bo mistaken for brown ; on a black 
•ground it appears more lumint)us and more red. Orange 
on a white ground looks darker and more reddish, on a 
black ground more luminous and yellow. The otlier eft’ects 
correspond with those described in tlie case of red. Yel- 
low on a white ground ap]X‘ars darker and more greenish 
than on a black ground ; in tlio latter case it is particu- 
larly brilliant, and the black also looks Avell, taking on a 
bluish tint. Dark yellow on a white ground looks brown 
or greenish-brown ; on a black ground its colour is dis- 
played to more advantage. Pale yellow on a white ground 
is apt to look greenish, on a Idack ground to ap])ear whitish. 
Yellow and grey or black constitute a pleasant combina- 
tion, of wbich extensive use has been made in nature and 
art. Green on a white gi'ound looks dei per and richer, on 
a black ground somewbat paler ; by contrast the black is 
made to look somcnvliat reddish or rusty. Green causes 
grey to appear reddisli : tlic elfect is particularly marked 
when the grey lias about the same luminosity with tlie 
green, also when both are in tlie shade. Cyan-blue on 
white appears darker and perhaps more g!*eenish tliaii on 
black. Blue on wliite appears dark and ricdi, but sliows no 
tendency to green ; on black, ])y contrast, it becomes more 
luminous. The same is true with blue on grey ; the latter 
acquires a somowliat yeliowish or rusty line. The action 
with violet is simihir to tliat of blue. 

From the foregoing it is evident that the contrast of 
black, wliite, and grey with the colours dejiends mainly on 
an a])parent increase or diminution of their laminosity. 
whereby in most cases their apjianmt hue is aiTected owing 
to association. In the case of tlie colder colours, the tint 
of the grey or black ground is atTected, and shows a ten- 
dency to^vard a liue comjderaentary to tiie colour em- 
ployed. We associate grey with blueness, an«l where the 
effect is such as contradicts this habitual association it is 
disagreeable ; on the other hand, grey with yellow forms 
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an agreeable contrast, as the yellow tends to make the grey 
look more bluish, and thus corrects any yellowish or rusty 
appearance connected with it. It is claimed in some works 
on colour that the complementary tints furnished by the 
pure grey react on and strengthen the colours which call 
them forth. An eye which is tired by gazing at green is 
indeed rested by looking at its complement, i. e., at a mix- 
ture of rod and violet, and afterward will see the green with 
more vividness ; but it is difticiilt to understand how the 
presentation of red, violet, and green, or, what is the same 
t lying, grey light, can materially refresh the eyes or restore 
its temporarily exhausted power. In the case of pale tints, 
an effect of this character does indeed seem to take place, 
but we must attribute it rather to an act of judgment than 
to a physiological cause. 



CHAPTER XVL 

OX THE SMALL INTERVAL AND ON GRADATION 

In preceding chapter we have seen that, wlien two 
colours wliicli are nearly identical are contrasted, eacli is 
made to appear less intense or saturated : red with orange- 
red, yellow with orange-yellow, cyan-hlue wdtli blue, are 
exanudes of smdi cond)inations. h^rom lids it ndght be 
supposed that, in chromatic compositions, it would not be 
allowable to place colours thus nearly related in close juxta- 
position, It is, howajver, found in practice that colours 
whi(di are distant from each other in tlie chromatic circle 
by a small interval can be associated wdthout detriment 
under certain conditions. If the two colours (*x[)ress a varia- 
tion in the luminosity of one and the same coloured surface, 
they do not come into hurtful competition, and wo receive 
the impression of a single coloured surface, more highly 
illuminated in certain portions. The scarhd coat of a sol- 
dier wdien shaded aj)pears red ; the sunlit portion is orange- 
red! -Grass in the sunshine accpiires a yellowdsli-green hue ; 
in the shade its colour is more bluish. ]>ut neitlier of 
these cases producics on us a disagreeable effoed, for we re- 
gard them as the nalural consequences of thc^ kind of illu- 
mination to wdiich these objects are exposed. The ed’ect is 
not' disagreeable even in mere ornamental painting, if it is 
seen that the two tints are intended to exprciss different 
degrees of luminosity of the same constitiumt of tlie design, 
even though this be only arabesque tracery. From this 
ex{)lanation it follows that the tw^o contiguous tints should 
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have their luminosities arranged so as to corres2)ond to 
nature ; otherwise a contradictory effect would be produced. 
The following table gives a series of small intervals, ar* 
ranged j)ro|)erly as to luminosity; and it will be seen to cor- 
respond to the relative luminosities of the colours of the 
sj)ectrum, or of the colours which taken together make up 
white light (see Chapter III.) : 


Table of Small Intervals. 

Darker. Tj^rlltor. 

Rod Orango-red. 

Orau gii-r ed O range. 

Orange 0 range-y cllo w. 

0 range- y el 1 o w Yellow. 

Ycllowish-gie; u (JieenislLyellow. 

Green V ellowish-grcen. 

Cyan-blue (droen. 

Rhio Cyan-blue. 

Ultramiiriuo-blue Blue. 

Viol(‘t Purple. 

Piii'ple Red. 


It will be noticed that the colours under the heading Dark- 
er ” are really the shade-lints of the series ojjposite them, 
and the difference may often be greater than that indicated 
ill thci table. One of the commonest of these intervals is 
that of yellow deciiening into orange-yellow. In sunsets 
yellow scarcely occurs witliout undergoing a change of this 
kind ; it is almost tlie rule witli yellow flowers ; and even 
the pale, broken, sulidued yellowish-browns of many natu- 
ral objects manifest the same tendency. The relations of 
greenish-yellow, etc., to green are shoAvn beautifully . by 
foliage under sunlight, wlviie the interval of cyan-blue to 
blue or to ultramarine-blue is displayed on the grandest 
scale by the sky. In brilliant sunsets the first and last pair 
of intervals arc of constant occurrence ; in fact, we can 
scarcely think of a sunset without calling up in imagination 
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reel and purple. The interval greenish-yellow and yellow 
is not included in the list ; it is perhaps less easy to tolerate 
than any of the others ; we like to see yellow luminous or 
rich, that is, passing into orange ; but, when it begins to 
become decidedly greenish, we liesitato, unless tliere is 
some good reason for accepting it. AVIicti tluj small inter- 
val is used, and the two tints are put more or less into com- 
petition by belonging to diirerent surfaces, the effect is less 
good, unless it is accounted for by the nature of the illuini- 
natiori, or in some other ecpially satisfactory way. 

Much of the above applies to tlie case where the colours 
pass into eacli other by gcuitle and insensible gradat ions, so 
that the observer is <juite at a loss to say where one ends 
and the other begins. Here, as before, colours whicli are 
nearly related, or se])arated only by a small interval, blend 
harmoniously into each other and produce a good effect. 
The reason of this is again found mainly in our ])recon- 
ceived ideas of the changes whi(*h coloured surfaces undei*- 
go when more or less strongly illuminated. If tlie colours 
are quite distant from each other in the chroinatic cir(d(‘, a 
ra[)id transition from one to the other, by l)leMding, ])ro- 
duces always a strange and often a disagreeable effect. A 
yellow surface distinctly op])0.scd or contrasted to a blue 
surface often gives a good elfect ; but, if it passes l)y a 
series of quick gradations into blue, tlie effeci is bad ; it is 
as tliougli it tric'd to assc'rt at the same time tliat it was 
w^arifi and luininous as well as cold and dark. Tn tijC' case 
of the sky, it is true that we have, toward sunset, tlie yel- 
low portions blending below into orange and red, and aiiove, 
by a long and slow series of gradations, into blue ; but the 
distance between tlie blue and yellow Is large', and they are 
separated by a series of lU'utral tints, and we think of the 
whole as an effect produced by ap})arent nearness or dis- 
tance from the sun. Even in a case like this, many artists 
prefer not to include in their paintings too much of the 
upper blue, and thus are able to give more decided expires- 
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sion to the warmth and brightness of the sky. When we 
see in nature a field of grass gradually growing decvidcdly 
red, we tliiiik of clover as the excuse, without, nevertheless, 
being particularly edified by its presence. In some inoun 
tain ]ak(\s, sueli as the Kouigssce, we find the blue-green 
water actually passing in some places by ratluu’ quick gra- 
dations into a purplish-red. The rapid transition into this 
almost complementary hue produces an elfect wdiich seems 
strange and almost incredible to those wdio for tlu^ first time 
behold it. When the cause is recognized, we learn to look 
upon the purt>]e i)atches as marking tlie shallower w^atcr, 
and, having accepted the elfect as reasonable, we soon find 
ourselvc^s encli anted by it, and always rennunbcjr it for its 
strange Ixiauty. 

When two colours difiV*ring considerabh;, not only in 
hue but in saturation, or simply in the latter respect, blend 
rapidly into each other on the same surface*, we always 
require a reason for the change of tint ; and, if none is fui*- 
nislied, the effect is apt to appear absurd, and resemble 
somewhat the case of a man wlio at one moment is calm 
and cool, and tlie next, without obvious reason, tender and 
pathetic. When we find the cool grey or greyish-brown 
tones on the surface of a cliff suddeidy l)ecommg rose- 
tinteii, we require an explanation of the change, and are 
quite satisfied if told that the top of the cliff is still illumi- 
nated by tlie sinkiiig sun ; if, howevei*, it is midday, we are 
forced to think of rod veins of some foreign substance dis- 
seminated through the sol)cr rock, and w^onder w hat it can 
possibly be, and wish it were awuiy. All this forms one of 
the minor reasons wliy painters like to keep tlieir tints to- 
gether in large masses, the bright warm colours in one 
place, the cool pale tints in anotlicr. 

One of the most important characteristics of colour in 
nature is the endless, almost infinite gradations which al- 
ways acconijiany it. It is impossible to escape from the 
delicate changes which the colour of all natural olijects un- 
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dergoes, ing to the way the light strikes tliem, without 
taking all the precautions necessary for an experiment in a 
physical lahoratory. Even if the surface employed be 
white and Rat, still some portions of it are siu-o to be more 
highly illuminated tlian others, and hence to appear a little 
more yellowisli or less greyish ; and, besides this source of 
change, it is receiving coloured light from all coloured ob- 
jects near it, and reflecting it variously from its different 
[)ortions. If a painter repnisents a sheet of i)a|>or in a lec- 
ture by a uniform wliitc or grey patch, it will seem quite 
wrong, and can not be made to look right till it is covered 
by delicate gradations of light and shade and colour. We 
are in the habit of thinking of a sheet of paper as l)eing 
(juito uniform in tint, and yet instantly rej(X‘t as insuflicient 
such a reprc‘sentation of it. In this matter our uuconseious 
educatioTi is enormously in advance of our conscious ; our 
memory of sensations is immense, our recollections of the 
causes that produce them utterly insigniiicant ; and we do 
not remenil)or the causes mainly because we nev(‘r knew 
tlunn. It is one of the tasks of the artist to as(*erl;ain the 
causes that give ris(i to the highly complex sensations wliich 
he exjxaviences, even in so sim])le a case as that just (anisid- 
ered. h>oni tliis it follows tliat Ins knowledge of tlie <‘le- 
monts that go to make up chromatic sensations is very vast 
compared with that of ordinary persons ; on the other 
hand, his recollection of mere chix)matic sensations may or 
may Tiot be more extensive than theirs. Hence it follows 
that it requires long training to acquire the power of con- 
sciously tracing fainter gradations of colour, thougbmuch 
of the pleasure exj)erionced by their passive rece])tiou can 
be enjoyed without i)revious labour. 

These ever-present gentle changes of colour in all natu- 
ral objects give to the mind a sense of the richness and 
vastness of the resources of Nature ; there is always some- 
thing more to see, some new evanescent series of delineate 
tints to trace ; and, even where there is no conscious study 
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of colour, it still produces* its eifect on the mind of the be- 
holder, giving him a sense of the fullness of Nature, and a 
dhn perception of the infinite series of gentle changes by 
which vshe constantly varies the aspects of the commonest 
objects. This orderly succession of tints, gently blending 
into one another, is one of the greatest sources of beauty 
that we are acquainted with, and the best artists constantly 
strive to introduce more and more of tliis element into their 
worts, relying for tlieir triumjdis far more on gradation 
than on (*oiitrast. '^Phe greatest effects in oratory are also 
produced by corresponding means ; it is tlie modulation of 
the tone and thouglit, far more than shai'p contrasts, tliat is 
effective in deeply moving audituices. We are very sensi- 
tive to tlie matter of modulation even in ordinary s])eeeh, 
and instantly form a geiu'ral judgment with regard to the 
degree of cultivation and refimuiKuit of a stranger from the 
mode in which a fcAV words are pronounced. All this has 
its |)ai‘allel in the use of colour, not only in painting, but 
also in decoration, lluskin, speaking of gradation of col- 
our, sa\'s : You will find in practice tliat brilliancy of hue 
and vigor of light, and even the aspect, of ti’ansparency in 
sliade, are essentially dependent on this characler alone ; 
Inai'dness, coldness, and opa(*ity resulting far mo)*o from 
e<pj(diti/ of colour than from nature of colour.” In another 
place the same autlior, in giving advice to a beginrif'r, says : 

And it does not matter how small the touch of colour may 
be, tliough not larger than the smallest pin’s liea{I, if one 
part of it is not darker than the rest, it is a bad touch ; for 
it is not merely because the natural fact is so that your col- 
our should be gradated ; the preciousness and jileasantness 
of colour depends more on this than on any other of its 
qualities, for gradation is to colours just what curvature is 
to lines, both being felt to be beautiful by the pure instinct 
of every human mind, and both, considered as types, ex- 
pressing the law of gradual change and progress in tlie 
human soul itself. What the diiference is in mere beauty 
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between a gradated and ungradated colour may be s^een 
easily by laying an even tint of rose-colour on pa})er and 
putting a rose-leaf beside it. The victorious beauty of the 
rose as compared with other flowers depends wholly on the 
delicacy and (piantity of its colour-gradations, all other 
flowers being either less rich in gradation, not luiving so 
many folds of leaf, or less tender, being ])atched and veined 
instead of flushed.”'^ 

All the great colourists have been dceidy permeated bj^ 
a sentiment of tliis kind, and their works, when viewed 
from th(» intended distaiu**?, are tremulous witli changing 
lints — witli tints that literally seem to change under the 
eye, so that it is often impossible for the coT>yist to say 
exactly what they are, his mixtures never secmiing to l:>e 
(|uite right, alter them as he will. Among modijru land- 
S(‘ape paintings, tliose of Turner are famous for tlieir end- 
less quantity of gradation, and the same is true even of Ins 
water-eolour drawings. Tlic perfect blending of colours, 
for exam})le, in the sky, or in our best represemtations of it, 
produc(‘S an effect of wonderful softness and beauty, iho 
tints melting into eac'h otlier witli a liquid smoothness for 
which wi‘ can find no other parallel. Tlie al)So]utely per- 
fect gradation and softness of the sky well ex]>resses its 
qualities as a gas, iinpa]pal)le, evanestamt, boundless. 

Tliere is, however, anotlier. lower degree of gradation 
which has a peculiar charm of its own, and is very ])rccious 
in m*t^;ind nature. Tlie etfc?ct referred to t.akes place when 
different colours are placed side by side in lines or dots, 
and then viewed at such a distance that tlie hlending is 
more or less accomplislied by the eye of the beholder. 
Under these circumstances the tints mix on the retina, and 
prorluce new colours, which are identical witli tliosc that 

* Eloments of Drawing,” by J. Kuskiii. The dlstinguishod artisst 

Samuel Golman once rcmnrked to tlie writer, that tliis book not only con- 
tained more that was useful to the student of art than any previous work, 
but that it contained more than all of them [uit together. 
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are obtained by the method of revolving disks. (See 
Chapter X.) If the coloured lines or dots are quite distant 
from the eye, the mixture is of course perfect, and presents 
nothing remai'kable in its appearance ; but before this dis- 
tance is reached there is a stage in which the colours are 
blended, though somewhat imperfe(itly, so that the surface 
seems to flicker or glimmer — an effect that no doubt arises 
from a faint perce])tion from time to time of its constitu- 
ents. Tliis communicates a soft and peculiar brilliancy to 
the surface, and gives it a certain appeai’ance of transpar- 
ency ; we seem to see into it and below it. Dove’s theory 
of lustre has perha])s some bearing on this well-known phe- 
nomenon. According to Dove, when two niasses of light 
simultan(‘ously act on the eyes, lustre is perceived, provided 
we are in any way made conscious that there are actually 
t/(ro masses of light. On a polished varnislied table we see 
the surfa(*(^ by means of its imperfections, scratches, dust, 
etc., and then besides have presented to ns auotlier mass of 
liglit whicli is regularly reflected from the surface ; the 
table looks to us lustrous. The author, and afterward Dove 
in a different way, succeeded in producing this lustrous ap- 
pearance when only a single eye was employed, that is, 
without the aid of binocular vision.'^ In the case before 
us, tlie imag(;s of the colour-dots are more or less supei'im- 
posed on th.e retina, and consequently schm one through the 
other ; and at the right distance there is some perception 
of a lack of uniformity, the degree of blending voa’j ing 
from time to time. According to Dove’s theory, we have 
liere the conditions necessary for the production of more or 
less soft brilliancy. With bright complementary colours 
the maximum degree of lustre is obtained ; when the col- 
ours are near each other in the chromatic circle, or or 
pale, the effect is not marked, but exists to the extent of 
making the surface appear somewhat transparent. When 
the two colours are replaced simply by black and white, 

* “ AmericaTi Journal of Science and Arts,’’ May, 1861. 
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the same lustrous appearance is still produced. Sir David 
•Brewster has described an experiment which has some bear- 
ing on these matters. If a wall-paper is selected with a 
pattern which repeats itself at intervals of a few inches, it 
is possible, after some practice, so to arrange; the eyes as to 
cause the adjacent and corresponding portions to seem to 
coalesce and form a new picture, which will in most respects 
be identical with that obtained by ordinary vision. This 
new picture ^vill not seem to be at the same distance from 
the eye as tlie real objects, and will move wdth each slight 
motion of the head ; hut what <;oncerns us more is, that it has 
a certain appearance of transparency and beauty not found 
in the original. ' In this experiment two slightly dissimilar 
masses of light, arc ]n*esented to the two eyes, and the result is 
an appearance of transparency, using this W' ord in its artis- 
tic sense. 

But to return : the result of this imperfect blending of 
colours or of black and white by the eye; is to communicate 
to the surface an appearance of clearness, and to remove 
any idea of hardness or chalkiness ; it is so familia)* to ns 
that Avc accept it as (jiiite natural, and only hecorne eon- 
seious of its charm when it is withdrawn. As an example 
in natur<^, \ve have; the somewhat distant sea under a ]>right- 
blue sky : the wa\(‘S will be mainly green, the spaces b(‘- 
tween them blue ; tliese colours tlieii blend into a sparkling 
greenish-blue, wdiich can not be imitated with a simph;^ 
mixeA pigment. Also in grasses viewed at some distance, 
the yellowish-grecai, bluish-gremi, reddish, juirplish, an<l 
l)rown tints, and the glancing liglits, blend more or less to- 
gether, and produce an (dfeet which can not 1 k‘ r(‘|)r()duced 
by a single sweep of the brush. The more distant ioliagc 
of trees on liillsides shows something of this kind ; and it 
does not appear to be (mtirely absent evtm from the dust on 
a traveled road, the minute sparkling grains of sand still 
producing some action on the eye after they can no longer 
be distinguished individually. 
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In fresco-painting, and in scene-painting for the theatre, 
most extensive use is made of this principle: at the right, 
distance adjacent tints blend, and what near at hand seemed 
a mass of purposeless daubs becomes an elfective picture. 
This same method of mixing colours on the retina of the 
observer is also used more or less in oil painting with ex- 
cellent effect ; it lends to them a magical charm, the tints 
seeming purer and more varying ; the very fact that the 
appearance of the painting changes somewhat according as 
the observer adv^anccs or retires from it being an advantage, 
communicating to it, as we might say, a certain kind of life. 
Oil paintings in which this principle is not employed labour 
under one quite demonstrable disadvantage : as the observer 
retires adjacent tints blend, whether it was the intention of 
the artist or not ; and if this has not been calculated for, a 
new and inferior effect is pretty sure to be produced. In 
water-colour drawings the same mode of working is con- 
stantly empIoy(‘d under the form of stippling, more or less 
ff>nnal ; and with its aid certain results of transparency 
and richness can be attained, witicli otherwise wxnild be out 
of the reacli of the artist. If tlic stipjding is formal and 
quite evident, it is apt to give a mechanical look to a draw- 
ing, which is not particularly pleasant ; but properly used, 
it has great value, and readily lends its(df to the expression 
of form. To descend several steps lower, we lind the de- 
signers of wall-papers and carpets employing this mode of 
mixing colours and producing their gradations. In, cash- 
mere shawls the same principle is developed and puslied to 
a great extent, and much of their beauty Is dependent on it. 
Finally, in etchings, engravings, and i)en-and-ink drawings, 
we have other examples of its application ; their clearness, 
transparency, and s})arkling effect being mainly duo to the 
somewhat imperfect blending of the black and white lines. 
This effect can best be perceived by comparing them with 
lit hographs, or, better still, with Indian ink or sepia drawings. 
The sky-like softness of the last two is very lovely, and, in 
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some respects,* very true to nature ; but if in them the line 
manner is entirely avoided, they are a little apt to show a 
lack of transparency in the deeper masses of shade, and to 
look heavy or dull. This result is avoided by purposely 
introducing a certain amount of line-drawing, either with 
the pen or a small brush. We have in nature a great 
variety of appearances, and the various methods of art are 
calculated to represent one or the other of them more or 
less perfectly ; but there is no single kind of art manipula- 
tion which will deal equally well wdth all. 

Finally, it is to be reinarkod that when colour is used 
simply for ornamental purposes, blending or gradation 
becomes of subordinate imjjortancc. This is the case, for 
exrnaple, where the design is worked out solely in flat tints. 
Work of this kind, where the fancy is not allow^ed to inter- 
fere much with the general correctness of tlie drawing or 
colour, forms one of the first steps l)y which painting gradu- 
ally passes over into pure ornamental design. We have 
here colours arranged in harmonious masses, bounded by 
sharp outlines, often definitely traced in black, and are 
pleased with them, and with the beautiful, correct outlines. 
AH gradation ^ind l)lending of colours is abolished, and this 
fact alone announces to us, in an emphatic w^ay, tliat the 
design makes no pretension to realistic representation ; Ave 
are pleased with tlie colours and outlines, and are rather 
vsurprised to find how iiiuch can be accomplished by tliem ; 
and ^f gold is introduee<l in the l)ackground or draperies, 
its presence only adds to the general effect. l>y insensible 
changes the figures of men and animals, etc., become more 
conventional or grotesque, as in heraldry, until finally th.ere 
is no attempt made to portray any particular natural object. 
Sugffestkms are taken from objects in nature, Avhich are 
used in much the same Avay as by musical composers. Tlie 
intention, however, is the production of a beautiful design 
wdiiih shall serve to ornament something else, as a woven 
stuff, a vase, or the wall of a building. As gradation is 

T ti * 
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one of our most efficient modes of giving work in colour a 
thoroughly realistic appearance, it evidcmtly can not be* 
much employed in ornament, where it is an object to avoid 
any imputation of intentional realism. 

In closing this chapter it may be well to allude to a 
singular effect often produced by insensible gradation on 
natural objects, or on their representations in paintings. 
We have seen that a coloured surface having a well-defined 
shape, when placed on a grey ground, is capable through 
(contrast of causing the ground to appear of the comple- 
mentary colour. For example, a grey square or a green 
ground will appear as though tinted >vith rose-colour. If, 
how ever, the green passes into the grey by insensible gra- 
dations, the matter may be so arranged that a small amount 
of green causes the whole surface to appear green, when 
most of it really is grey. This effect is often seen on rocks 
partially covered with green moss: a few small patches on 
the side exposed to the light will have a bright-green hue ; 
some of the surface in the shade wdll be tinted dark green, 
this colour passing gently into browui or grey, with luu'e 
and there a few quite small touches of olive-green. Tliree 
fourths of the surface of tlie shaded side of the rock wdll 
then be really grey or brown, but nevertheless the w^hole 
wdll appear to be dark green. Anotlier very common 
example is furnished Iry tlie foliage of trees standing so 
that tlie sun appears to l>e over them. Under these circum- 
stances their tops ami sides catcli the sunbeams and appear 
of a bright yellowdsh-grcen ; the rest of the tree is in the 
shade, and appears at first sight of a darker green, and is 
always so painted by b(*ginners. If, however, the colour is 
examined through an aperture about the size of a pea, cut 
in a ])iece of white cardboard, it w^ill be found that the real 
colour is a somewhat greenish grey. On retiring farther 
from the tree, this colour of its shady side wall often change 
to a pure grey, yet to a casual observer it will still appear 
green. Quite wonderful effects have been obtained by 
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some artists from the recognition of the principle here 
involved ; their calm resignation of every trace of local 
colouring, and acceptance in its place of some kind of grey, 
imparting to their pictures a high degree of aerial perspec- 
tive and of apparent luminosity. 



CHAPTER XVII. 

ON THE COMBINATION OF COLOURS IN PAIRS AND 

TRIADS. 

In' the previous portions of this work we have dealt 
with facts that are capable of more or less rigorous demon- 
stration ; but we now encounter a great series of problems 
that can not be solved by the methods of the laboratory, or 
by the aid of a strictly logical process. Why a certain 
combination of colours pleases us, or why we are left cold 
or even somewhat shocked by another arrangement, arc 
questions for which we can not always frame answers that 
are satisfactory even to ourselves. There is no doubt that 
helpful and harmful contrast have a very great influence on 
our decision, as will hereafter be pointed out ; but besides 
this, we are sometimes influenced by obscure and even 
unknown considerations. Among these may perhaps be 
found inherited tendencies to like or dislike certain com- 
binations or even colours ; influence of the general colour- 
atmosphere by which we are surrounded ; training ; . aiid 
also a more or less delicate nervous susceptibility. 

The author gives below, in the form of tables, some of 
the results furnished by experience, and takes pleasure in 
acknowledging his indebtedness to Briicke and to Chevreul 
for much of the information contained in them. 

Spectral red ^ with blue gives its best combination. 

Spectral red with green gives a strong but rather hard combination. 


* A red between carmine and vermilion. 
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Spectral red with yellow gives an inferior combination. 

Spectral red with red lead gives a bad combination. 

Spectral red with violet gives a bad combination. 

If gold be substituted for the yellow pigment, the com- 
bination becomes excellent. Ked and yellow also make a 
better combination when the red inclines to purple and the 
yellow to greenish-yellow. The combination red and yellow 
is also improved by darkening the yellow or both colours : 
this causes the yellow to appear like a soft olive-green (R.). 
The combination red and green is also improved by darken- 
ing both colours, or the green alone (R*). 

Vermilion with blue gives an excellent combination. 

Vermilion with cyan-blue gives an excellent combination. 

Vermilion with green gives an inferior combination. 

Vermilion with yellow gives an inferior combination. 

Vermili^ with violet gives a bad combination. 

Vermilion and gold furnish an excellent combination. 
The combination vermilion and yellow is improved some- 
what by darkening the yellow ; if it is considerably dark- 
ened, it tells as a soft olive-green (R.). V^ermiiion and 
green are better when the green or both colours are much 
darkened (R.). 

Red lead with blue gives an excellent combination. 

Red lead with cyan-blue gives an excellent combination. 

, Red lead with Idnc-green gives a strong but disagreeable combination, 

*Rcd lead with yellowish-green gives a tolerably good combination. 

Red lead with yellow gives quite a good combination. 

Red lead with orange gives quite a good combination. 

The combination red lead and bluish-green is improved 
by darkening the green or both the colours (R.). Red lead 
gives a better combination with a yellow having a corre- 
sponding intensity or saturation ; if the yellow is too bright, 
the effect is inferior (R.). The combination red lead and 
yellow is much better than red and orange. The last two 
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combinations given in the table are of course cases where 
the small interval is employed. (See Chapter XVI.) 

Orange with cyan-blue gives a good and strong combination. 

Orange with ultramarine gives a good and strong combination. 

Orange with green gives a good combination. 

Orange with violet gives a moderately good combination. 

Orange-yellow with ultramarine gives its best combination. 

Orange-yellow with cyan-blue gives not quite so good a combination. 

Orange-yellow with violet gives a good combination. 

Orange-yellow with purple gives a good combination. 

Orange-yellow with purple-red giv^cs an inferior combination. 

Orange-yellow wuth spectral red gives an inferior combination. 

Orange-yellow with sea-green gives a bad combination. 

Yellow with violet gives its best combinations. 

Yellow with pnrplo-red gives good combinations. 

Yellow with purple gives good combinations. 

Yellow with spectral red gives inferior combinations. 

Yellow with blue, inferior to orange-yellow and blue. 

Yellow with blue-green gives one of the worst possible combinations. 

Yellow with green gives bud combinations. 

The combination yellow and spectral red is im|>rovcd by 
darkening the yellow (R.). Klue-green and yellow, both 
much darkened, give a bettor conibinatioii (R.). According 
to Chovreul, yellow give.s witli green a good and lively 
combination ; to this the author can not agree, althougli it 
is true that the effect is improved by darkening the yellow 
considerably. Chrome-yellow and emerald -green give Com- 
binations that are not bad when both the colours are very 
much darkened (R.). 


Greenish-yellow wuth violet gives its best combinations. 
Greenish-yellow with purple gives good combinations. 

Grceni.sh-yellow with purpli.^h-rcd gives good combinations. 
Greenish-yellow^ with vermilion gives strong but hard combinations. 
Greenish-yellow with spectral red gives strong but hard combinations. 
Greenish-yellow with red load gives tolerably good combinations. 
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Greenish-yellow with orange-yellow gircs had combinations. 

Greenish-yellow with cyan-blue gives bad combinations. 

Greenish-yellow with ultramarine gives a somewhat better combination. 

The combination greenish-yellow and orange-yellow is 
improved by darkening the latter colour, which then appears 
brownish (R.)* Greenish -yellow and cyan-blue make a bet- 
ter combination when the blue is darkened (R.). 


Grass-green with violet gives good but dilhcult combinations. 
Grass-green with purple-violet gives good but difficult combinations. 
Grass-green with rose gives combination.s of doubtful vivluo. 
Grass-green with carmine gives combinations of doubtful value. 
Grass-green with pink gives combinations of doubtful value. 
Grass-green with blue gives combinations of doubtful value. 


The value of the last four combinations is a disputed 
matter. The combination green and carmine is improved 
by darkening both colours considerably (R.). The combi- 
nation green and blue becomes better as the green incline.s 
to yellow and the blue to violet (R.). The combination 
green and violet, according to (./luivrcul, is better when the 
paler hues of tliose colours are employed. 

Emerald-green with violet gives strong hut hard comhinations. 

Kiiiorald-green with juirple gives strong but b;ird combinations. 

Emorald-gr<*on with red gives strong but hard coinblnations. 

Eineral<l-green with orange gives strong but hard combinations. 

* Ej^norald-greon with yellow gives bad combinations. 

All these combinations are very difficult to handle. 
Emerald-green and yellow, when both are much darkened, 
furnish somewhat better combinations (1^.). 


Si‘a-grccn with vermilion gives good combinations. 

Sea-green with red lead gives good corubinations. 

Sea-green with violet gives good combinations. 

Sea-green with purple-violet gives tolerably good combinations. 
Sea-green with purple-red gives, simply as pairs, poor combinations. 
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Sea-green with carmine gives, simply as pairs, poor combinations. 
Sea-green with blue gives bad combinations. 

Sea-green with yellow gives bad combinations. 

The surface of the green should be much larger than 
that of the vermilion or red lead. 

Cyan-blue with chrome-yellow gives moderate combinations. 

Cyan-blue with Naples-yellow gives good combinations. 

Cyan-blue with straw-yellow gives good combinations. 

Cyan-blue with carmine (light tones) gives good combinations. 
Cyan-blue with violet gives i)Oor combinations. 

Cyan-blue with purple-violet gives poor combinations. 

Cyan-blue with ultramarine gives good combinations (small interval). 

The combinations of cyan-blue with violet and purple- 
violet are not good, except in line materials and light 
tones. 

Ultramarine with carmine gives poorer combinations than cyan-blue. 
Ultramarine with purple-red gives poorer combinations than cyan-l)luc. 
Ultramarine with violet gives, simply as pairs, poor combinulions. 

Violet with purple gives poor combinations if extended Iteyond the 
small interval. 

Violet w'ith carmine gives poor combinations. 


In studying the effects produced by colours in combina- 
tion, it is of course important to exclude as far as possible 
all extraneous causes that might influence or confuse the 
judgment. Hence the colours under examination should be 
disposed in very simple patterns, as the employment of 
beautifid form or good composition might easily become a 
means of leading the student to accept, as good, combina- 
tions that owed their beauty to something besides mere 
colour. ' For the same reason, gradati(i»i and good light- 
and-shade effect should in such examinations be avoided ; 
for these, as well as good composition, are means of con- 
cealing to some extent the poverty of a colour-combination. 
For a similar reason the materials employed in such experi- 
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ments should not be too fine. Almost any colour-combina- 
• tion worked out in stained glass appears pretty good, owing 
to the brilliancy of the coloured light. This is one reason 
why the patterns in a kaleidoscope have been of so little 
value in decorative art ; for, when the colours are most 
carefully imitated in coarser materials, they are apt not 
only to lose their brilliancy, but even sometimes to appear 
dull or dirty from the effects of harmful conti*ast, which 
did not make itself felt before. To a less degree this 
applies also to silk ; many colour-combinations worked out 
in this material are tolerable on account of its higli reflect- 
ing power, while the same colours, if transferred to wool or 
cotton, appear poor enough. 

In forming a judgment as to the value of combinations 
of colour, we should also be cautious in basing our conclu- 
sions even on observations made directly from nature itself ; 
for here our judgment is liable to be warped by the pres- 
ence of beautiful form, good composition, excpiisite grada- 
tion, and liigh luminosity. Green and blue, for example, 
iriake a poor combination, and yet it is one constantly 
occurring in nature, as in the case where the blue sky is 
seen through green foliage. This effect is often very good, 
but a careful examination will show that, in most cases, 
blue and green do not really come in contact ; for if the 
sunlight penetrates the leaves in contact witli the sky, they 
no. longer look green, but greenish-yellow, and this colour 
makds a tolerable coinbinati<jn, particularly with ultramarine- 
blue. Generally, however, the leaves actu:dly in contact 
with the sky arc in the shade, or at least do not send bright 
light to the eye, and we have really greenish-grey or 
brownish-green combined with the blue of the sky. When 
green actually docs fairly touch the blue of the sky, as 
with a forest of young trees growing thickly, the green is 
usually far darker than the blue sky, as may be seen by 
closing the eyes partially. Here the combination is helped 
somewhat by light-and-shade contrast ; but when, owing to 
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any cause, the blue of the sky is darkened till it approxi- 
mates in luminosity to the green of the foliage, then the 
colour-combination is felt by an artist to be bad. The forms 
of trees are so beautiful, the variety, the gradation they 
exhibit so endless, the associations called up by them so 
agreeable, that we are apt to deceive ourselves about this 
colour-combination ; but when an attempt is made to trans- 
fer it to canvas, we become painfully sensible of the fact 
that Nature sometimes delights in working out beautiful 
effects with colours that arc of very doubtful value, cun- 
ningly hiding their poverty with devices that often are not 
easy to discover or to imitate. 

There are several causes that may render a combination 
of two colours bad. Prominent among them we find the 
matter of contrast : the colours may look dull and poor on 
account of harmful contrast, or may on the other hand 
app(?ar hard and harsli from an excess of helpful contrast. 
The author has placed in the form of a diagram the results 
of his observations on the effects of contrast in diminishing 
or increasing the saturation or bi'illiancy of colours. This 
diagram (Pig. lol) and its use are explained in Chapter 
XV., and at present we merely remind the reader that 
colours less than 80° or 90° apart suffer from harmful con- 
trast, while those more distant help each other. In the 
case of colours that are about 80° apart, the matter remains 
a little doubtful ; the two cohmrs may hol[> each other 
somewhat, or the reverse may bo true. On comparing this 
diagram with the results furnished by experience and given 
in the preceding tables, it will be found that in good com- 
binations the two colours are always more than 00° apart, 
so that the effect of contrast is mutually helpful. Thus, 
red furnishes good combinations with blue and cyan-blue, 
which are considerably more than 90° distant from it ; 
while the combination with artificial ultramarine, which is 
nearer, is inferior, and that with violet bad. It does not 
follow, however, that the colours in the diagram which are 
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situated farthest apart always make the best eombinations ; 
for, if this were the case, the ])est combinations would be 
simply the oomplementary }>airs, wdiicli in tlu^ diagram are 
])laced at the greatest distance from each other, viz., oppo- 
site. But some of the eoT»!j>lemeMtary colours are quite 
harsk from excessive contrast. ; for e.x ample, red and its 
complement green-blue, also jmrple and its comj)lemcnt 
green. Of all the complementary pairs, accor<iing to 
Briicke, these are least employed in art, as tlie liarshness 
with them is at a maximum. Now^ Ave can divide the 
colour-diagram, Fig. 131, into two hah^es by a line draw^n 
from yellowish-green to violet, and the left-hand half will 
contain the warm colours, the right-band the cold. After 
doing tills, we find that red and green-blue, or purple and 
green, are not only complementary, but also situated at or 
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near the positions, if we may so express it, df the greatest 
warmth and coldness ; hence, owing to a double reason, the 
contrast becomes excessive, and the combination harsh. 
According to the same authority, the complementary col- 
ours most in use arc ultramarine and yellow, blue and 
orange-yellow, or cyan-blue and orange ; then follow violet 
and greenish-yellow. In these cases, the complementary 
pairs are situated at some distance from the centres of 
warmth and coldness, being in fact either on or not far 
from the dividing line, which prevents excessive contrast 
and the consequent hardness complained of in the examples 
first cited. It may here be remarked that colours which 
are truly complementary often appear better than those 
which only approximate to this condition ; vermilion and 
red lead, with their complements green-blue and greciiisb- 
blue, do not furnish such offensive combinations as are 
obtained when green is substituted for the true comple- 
mentary hue. 

The complementary colours are very valuable wlien the 
artist is obliged to work with dark, dull, or pale colours, 
and still is desirous of obtaining a strong or brilliant effect. 
The fact that the colours arc dull or pale or greyish pre- 
vents much possibility of harshness ; and the use of com- 
plementary hues excludes all risk of the brilliancy of the 
tints being damaged by harmful contrast. In general, the 
lower we go in the scale, and the more our colours approxi- 
mate to black, brown, or grey, the more freely can we 
employ complementary hues without producing harshness ; 
and even those objectionable pairs, red and green-blue, 
purple and green, if sufficiently darkened, become agree- 
able. 

It has boon stated above that in good combinations the 
colours are always a considerable distance apart in tlie 
chromatic circle. This, liowcver, does not exclude the class 
of combinations mentioned in Chapter XVI., where it was 
shown that any two colours differing but sliglitly produce 
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a more or less ’pleasant effect ; this is the case of the small 
interval, which at present we are not considering. 

Now, although in good coinbinations the colours are 
rather far apart in the chromatic circle, it does not follow 
that all colours that are far apart make good combinations. 
AVlien green, emerald-green, or bluish-green enters into a 
combination, it is apt to produce a harsh effect if the green 
is at all decided or covers much space. The enormous 
difficulty of managing full greens or bluish-greens is per- 
fectly well understood by artists, and many of them avoid 
their use as far as possible. The presence in a picture of a 
very moderate amount of a colour approaching blui>sh-grecn 
or emerald-green excites in most persons a feeling of dis- 
gust, and causes a work otherwise good to appear (told and 
hard — very cold and hard. Corresponding to this, most 
artists seem to be of the opinion that the pigment known 
as emerald -green is more intense and saturated than any of 
the other colours used by them. From a purely optical 
point of view this would seem hardly to bo the ease : 
emerald -green reffects more white light mixed with its 
coloured rays than vermilion, and its luminosity ivS not out 
of proportion to those of vermilion or ultramanne-blue, if 
we adopt as our standard the luminosities of the corre- 
sponding colours in the spe(‘f,rum. Ibmce we must seek 
elsewhere for the reason of its unusually intense action. 
The author is disposed to attribute this well-known intol- 
erance of all full greens to the fact that green light exhausts 
the nervous power of the eye sooner than light of any other 
colour. Tliis exhaustion is proved l)y tlie observation that 
the after-pictures, or accidental colours, are more vivid with 
green than with the other colours. (See Chapter VIII.) 
Now, as a general thing, very strong sensations are offensive 
when freely interspersed among those that are weaken; 
thus Helmholtz has shown that discord in music is due to 
the presence of ‘‘beats,” which are merely rapid alterna- 
tions of sound and silence following each other at such 
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intervals as to allow the sensitiveness of the’ ear to remain 
at a maximum, and hence producing disagreeably intense 
sensations which offend. Quite analogous to this is the 
action of a flickering light, which is both disagreeable and 
hurtful to the eye. d"his general principle, as it seems to 
the author, applies also to the matter now in hand : a green 
which optically may be the equivalent of a red, yellow, 
blue, or violet, nevertheless produces on the nerves of the 
eye a more powerful and exhausting sensation than these 
colours, and hence is out of harmony with them, or dis- 
cordant. Besides this, and apail from these considerations, 
green is not a colour suggestive of light or warmth, but is 
what artists call cold ; the peculiar action above alluded to 
renders it intense as well as cold, and consequently painters 
are only able to employ it Avith a most cautious hand. 
Yellow conveys the idea of light, red tliat of warmth : if 
too much of either is ])resent in a painting, the general 
effect is of course impaired ; but by a small over-dose of 
green, the picture is killed. 

The colour which next to green acts most powerfully on 
the nerves of the eye is violet ; after that follows blue-vio- 
let (artificial ultramarine-blue). It so happens that, among 
the pigments at tlic dis})osal of the painter or dec(»-ator, 
violet has only a set of dull representatives ; lienee it is not 
quite so easy to transgress in this direction as Avith green, 
for to obtain a violet wliich is at all the ojitical equivalent 
of vermilion or (unerald-green, it is m!cessary to usc' ^some 
of the aniline (colours. Blue-A iolet or artificial ultramarine- 
blue easily gives rise to cold and hard combinations, and 
large surfaces of it are apt to appear disagreealde if the hue 
is at all intense. Skies painted Avith blues that are too in- 
tense are easily ruined, and misjudgments in this direction 
are not entirely confined to the Avork of beginners dr ama- 
teurs. 

AYhen the colours are arranged according to the order 
in which they exhaust the nervous power of the eye, it is 
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found that green lieads the list ; violet, blue-violet, and 
,blue follow ; then come red and orange, and last of all yel- 
low. This is also about the order in which we are able to 
enjoy (or tolei*ate) positive colour in a painting ; large 
masses of yellowish hues being often recognized only as 
comraimicating luminosity, while hues of orange or red- 
orange, darkened, are called brown, and consid(*red as 
scarcely more positive than warm greys. Prom this it by 
no means follows that the introduction of large masses of 
positive green into paintings is always to be avoi«led ; it is 
not advisable, unless it can be accomplished succest>ffdh/^ 
and without injury to the work as a chromatic com}>osition. 
The ability to solve tliis problem in a brilliant manner is 
one of the signs which indicate an accomplished colourist ; 
and, when tlie green is combined with blue, the task be- 
comes still more difficult and success more praiseworthy. 
On the other hand, the handling of combinations of dull 
yellow, brown, grey, or bluish-grey is much easier, and, in 
fact, constitutes the first step by which beginners should 
approach more positive colour. 

As stated above, hurtful contrast is one of the common- 
est reasons tliat render combinations of colour bad : as ex- 
amples, we have orange and carmine, yellow and yellowish- 
green, green and cyan-blue. All the colours in the con- 
trast-diagram, Fig. IfU, tliat are less tlian 80'^ or 90° apart 
are more or less under the dominion of harmful contrast. 

effects become still more pronounced when the col- 
ours have luminosities decidedly differing from those found 
in the spectrum, where yellow is the brightest and violet 
the darkest. (See Chapter III.) There are various modes 
of mitigating to a considerable extent the effects of hurtful 
contrast : a common one is to make one of the contending 
colours darker than its rival, or to assign to it a much 
smaller field ; a third colour situated at a considerable dis- 
tance in the chromatic circle is also sometimes added. 

Thus, for example, yellow and yellowish-green are im- 

u 
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proved by adding to the combination a small quantity of 
violet or purplish- violet ; green and cyan-blue in the same 
way are helped by the addition of purple or orange. 
Harmful contrast in the matter of colour may also some- 
times be concealed by strong light-and-shade effect, or by a 
large amount of gradation, which tends to enable all col- 
ours to maintain themselves against its influences ; beauty 
and variety of form also to some extent mask its effects. It 
may be added that apparent truth to nature sometimes 
causes harmful contrast to be overlooked or pardoned ; on 
the other hand, soiled or impure-looking tints, contradiction 
of nature cither in colour or form, and indecision of hand- 
ling, all are causes that intensify its action. 

A combination may also be poor because the actual in- 
tensities of the two colours differ too much, altliough their 
position in the chromatic circle is advantageous ; thus, for 
example, the introduction of a quantity of chromo-yellow 
into a design produces hai*sh effects, which would bo avoid- 
ed by the use of the more modest yellow ochre. Wh(?n 
this trouble exists in a high degree, tlio offending colour 
uslially catches the eye of tlie observer at first glance, and 
before any of the other colours are fairly seen. A delicate 
colour-emphasis is by no means easy of attainment, and its 
lack produces on a chromatic composition effects quite analo- 
gous to the want of the corresponding quality in speaking 
or reading. 

A combination may also be poor because it contains no 
decided representative of the warm colours, including under 
this term yellow and purple and the colours situated be- 
tween them. There is reason to believe that the warm col- 
ours actually preponderate in the most attractive and bril- 
liant chromatic compositions; however this may be, it is 
certain that compositions founded almost exclusively on 
the colder colours, such as yellowish-green, green, blue, and 
violet, appear poor, and are apt to arouse in the mind of 
the beholder a feeling of more or less dissatisfaction. The 
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general preference for warm colour is somewhat analogous 
;to that displayed for articles of food that have a tendency 
rather to sweetness than the reverse ; but, however inter- 
esting an inquiry as to the causes which during Y)ast ages 
have brought about this result might be, it evidently would 
not help us much in our firesent studies ; we are obliged to 
accept tlie fact, and make as good use of it as our skill and 
feeling for colour permit. 

Thus far we have considered the effects that are pro- 
duced when the colours are used in pairs ; they may, how- 
ever, also be eniYdoyed in triads. The studies that we have 
made with the contrast-diagram, Fig. 130, render it easy 
for us to select a series of triads that are free from tlie de- 
fect of hurtful contrast ; for this will be tbe case with all 
colours that are equally distant from each other in the dia- 
gram, or are separated by an angle of 120'^ ; and, wlien we 
examine the triads that have been most employed by artists 
and decorators, we find that this principle has actually been 
more or less closely observed. The triads that have been 
most extensively used are : 

Spectral red, yelloAv, blue ; 

Purj)le-red, yellow, cyan-blue ; 

Orange, green, violet ; 

Orange, green, purple-violet. 

In the second triad the colours are almost exactly 
apart.; in the first the yellow is a little less than 00^ from 
the red, and in fact forms with it a doubtful combination, 
which is only rendered good by the Y>resence df tlui blue. 
In the tliird triad the orange and violet are about apart, 
but are nearly equally distant from the green, and form, 
both of them, a good combination with it. 

In the selection of colours for these triads a second prin- 
ciple also seems to have guided the choice of artists : there 
is an evident wish in each case that two out of the three 
should he laarm colours, and in two of the triads the matter 
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of contrast has been somewhat sacrificed for the further- 
ance of this end. The desire to satisfy both these condi- . 
tions of course greatly limits the number of triads, as an 
examination of the contrast-diagram shows ; and, in point 
of fact, in certain inferior triads which have been employed, 
one or both of these principles have necessarily to a consid- 
erable extent been neglected. 

Carniinc, yellow, and green 

was, according to Brllcke, a triad much used during the 
middle ages, though to us the combination is apt to appear 
somewhat hard and unrefined. Hero we have two warm 
colours, but the matter of contrast is also twice sacrificed ; 
that is, slightly in the case of the carmine and yellow, and 
more with the yellow and green. 

Orange-yellow, violet, and bluish-green 

is an example of a combination which is poor not from defect 
of contrast, but because it contains two cold colours, one of 
tliem being the coldest in the chromatic circle. 

Vermilion, green, and violet-blue 

is a triad which has been extensively used in some of the 
Italian schools. At first sight we have here apparently two 
cold colours ; l)ut, as the green was olive-green, the com- 
bination really amounts to 

Vermilion, dark greenish-yellow, and violet-blue, 

and corresponds in principle with those above given. 

In the employment of any of these triads in painting or 
in ornament, the artist can, of course, vary the hue of the 
three colours through the small interval without destroying 
the definite character of the chromatic composition ; and 
even small quantities of foreign colours can also be added. 
When, however, they begin to assume importance in the 
combination, they destroy its peculiar character. White or 
grey can be introduced, and is often used with a happy 
effect, particularly in the triads 
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Orange, green, violet ; 

Purple-red, yellow, cyan-blue. 

It is perhaps hardly necessary to dwell on the advan- 
tages of studying the relations of colours to each other by 
the use of pairs and triads, before more complicated arrange- 
ments are attempted. Many of the pairs furnish opportuni- 
ties for the construction of beautiful chromatic composi- 
tions, and the practical study of colour in pairs and triads 
can not be too strongly urged. In constructing a chromatic 
composition, it is also of the first importance to determine 
at the outset what the leading elements are to he ; after 
this has been done, it will be comparatively easy to see 
what variations are allowable, and what are excluded. The 
most impressive and beautiful compositions arc by no means 
those that contain the most colours ; far more can be at- 
tained by the use of a very few colours, properly selected, 
varied, and repeated in different shades, from the inost 
luminous to the darkest. 

We liave now examined to some extent the good and the 
poor combinations of colour, and it may be as well to add 
a u'ord willi regard to the balance of colour ; for it is desir- 
able that Ave sliould be able not only to select our colours 
properly, l>ut also to j)rovide them in quantities suitable for 
the produetioTi of the best effect. It has been a common 
opinion among English Avriters on colour, that tlie best 
resuU is attained by arr.anging the relative areas of the 
colours in a chromatic composition in such a way that a 
neutral grey Avould result if they all were mixed together. 
It is quite true that, if the colours were portioned out in 
this manner, there would he a balance of colour in an op- 
tical, sense, though how far balance in an jcstlietic sense 
Avould he attained is quite another question. Field in his 
Chromatics ” has given certain rules for obtaining an op- 
tical balance, and assumes that optical and jcsthetic balance 
are one and the same thing. For example, he states that if 
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we take red, jellow, and blue, of corresponding intensities, 
then 5 parts of red, 8 parts of yellow, and 8 of blue will, 
neutralize each otlier in a mixture, and produce grey ; also, 
8 parts of orange with 11 of green and 18 of purple will 
produce the same result ; likewise 19 parts of citrine (“ com- 
pound of orange and green ”), 21 parts of russet orange 
and purple ”), and 24 parts of a mixture of olive-green and 
purple. These rules are based on the supj^osition that red, 
yellow, and blue are fundamental colour-sensaiions, and 
when mixed produce white, though, as we have seen in 
Chapter IX., this is quite the reverse of being true. In a 
mixture of red, yellow, and blue, the yellow neutralizes the 
blue, since these colours are complementary, and the super- 
fluous red strongly tinges this grey or white light, which 
then appears decidedly reddish. Field’s actual exf^erimenfs 
on mixing colours were made by transmitting white light 
through hollow glass wedges filled with coloured liquids ; 
but it is, as we have seen in Chapter X., impossible in this 
way to mix masses of coloured light. For example, the 
light which passes through a yellow and a blue wedge placed 
in contact is merely that which is not absorbed by either 
wedge, or which both the wedges allow to pass. Both 
wedges allow green light to pass, and stop almost all the 
other rays ; but from this it is not allowable to draw, as 
Field did, the inference that yellow light and blue light 
make green light when mixed, since we know with the ut- 
most certainty that these two kinds of coloured liglit make 
grey or white light. Field’s method gave entirely false re- 
sults, and his conclusions based on them., including his so- 
called chromatic equivalents,” have therefore for us neither 
value nor meaning. 

We return now to the proposition that the best cff.cct' is 
produced when the colours in a design arc present in such 
proportions that a complete mixture of them would pro- 
duce a neutral grey. It is very easy with our present 
knowledge to ascertain what areas we must assign to two 
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or more coloured surfaces in order to realize this It 

, is only necessary to combine, according to Maxwell’s meth- 
od, rotating disks whicli are painted with the pigments that 
are to be used in the chromatic composition. Let us exam- 
ine this matter with the aid of a few actual examples. 
Taking the first of the triads, spectral red, yellow, and blue, 
we find that it is not possible to mix the colours in such 
proportions as to o1>tain a neutral grey ; the yelloAv and 
blue neutralize each other, and tlie red then colours the 
mixture reddish. The same is true of the triad carmine, 
green, yellow : the mixture will be orange, yellowish, or 
greenish-yellow, according to the })roportions. In the case 
of the two triads, purple-red, yellow, cyan-blue ; and orange, 
green, violet, neutralization can be produced by mixture ; 
and, wlien the colours are thus arranged, the result is more 
pleasing in the first than in the second case. If we take 
triads not much used in art, w'o meet with similar results ; 
for example, vermilion, green, ultramarine-bliic, when com- 
bined in such proportions as to furnish a grey, give a very un- 
pleasing result, the cold colours being greatly in excess. But 
it is needless to multiply examples, as tlie reader can easily 
make these experiments for himself. If we examini? the arenas 
and intensities of the colours in the works of good colourists, 
we shall find that they are generally not such as to produce 
neutrality when the colours are mixed ; that, on the contrai’y, 
as in most of the above experiments, there is always an ex- 
cesjf of some positive colour. The presence of this excess 
gives a particular character to the composition, whicli will 
vary with the line which is thus emphasized. Hence we 
see that this problem of tlie proper balance of colour is one 
which can not he solved exactly by any set of rules, but 
Inust be left to the feeling and judgment of the artist. 

Attempts have been made from time to time to build 
up theories of colour based on analogies drawn from sound. 
The sensation of sound, however, is more particularly con- 
nected with time, that of sight with space ; and these facts 
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necessitate a fundamental dilference in the organs devoted 
to the reception of sound-waves and of light-waves ; and, 
on account of this difference between the eye and the ear, 
all such musical theories are quite worthless. Thus, our 
]>erception for colour does not even extend over one octave, 
while in music seven octaves aro employed. When two 
musical sounds are mingled, we have accord or discord, and 
the ear of a practised musician can recognize the separate 
notes that are struck ; but, when two masses of coloured 
light are mingled, a new colour is produced, in which the 
original constituents can not be recognized even by the eye 
of a painter. Thus, red and green liglit when mixed fur- 
nish yellow light ; and this yellow is in no way to be dis- 
tinguished from the yellow light of the spectrum, except 
that it is somewhat paler and looks as though it had been 
mixed with a certain amount of white liglit. Again, in 
music the intervals are definite and easily recognized rela- 
tions, as, for example, that of the fundamental with its fifth 
or octave ; we can calculate the corresponding inteiwals for 
coloured light, but they can not he accurately recognized even 
by the most skillful painter. In painting we are constantly 
obliged to advance from one colour to another by insen- 
sible stops, but a proceeding like this in music gives rise to 
sounds tliat are ludicrous. Idicse facts, which are suscepti- 
ble of the most rigid proof, may suffice to show that a fun- 
damental difference exists between the sensations of vision 
and hearing, and that any theory of colour based on iOiir 
musical experience must rest on fancy rather than fact. 



CITAPTER XVIIL 

OX THE USE OF COLOUR IX PAIXTIXG AND 
DECORATION, 

The power to perceive colour is not one of the most 
indispensable endowments of our race ; deprived of its pos- 
sessioiij we should be able not only to exist, but even to 
attain a high state of intellectual and aesthetic cultivation. 
Eyes gifted merely with a sense for light and shade Avould 
answer quite well for most 2:)ractical purposes, and tliey 
would still reveal to us in the material universe an amount 
of beauty far transcending our capacity for reception. 
‘Mint over and above this wc have received yet one more 
gift, something not quite necessary, a benediction as it were, 
in our sense for and enjoyment of colour.”* It is hardly 
fair to say that without this gift nature would have ap- 
peared to us cold and bare ; still, w^e should liave lost the 
enjoyment of the vast variety of pleasant and refined sensa- 
tions produced by colour as such and by colour-combina- 
tioijs ; the magical drapery wliicli is thus (*ast over the vis- 
ible w^orld would have given place merely to the sira2)ler 
and more logical gradations of light and shade. The love 
of colour is a part of our constitution as much as the love 
of music ; it develops itself early in childhood, and w^e see 
it exhibited by savage as w^ell as cultivated races. W find 
the love of colour manifesting and making itself felt in the 
strangest places ; even the most profound mathematicians 


^ From an address by Professor Stephen Alexander. 
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are never weary of studying the colours of polarized light, 
and there can be no doubt that the attractive power of col* 
our has contributed largely to swell the mathematical liter- 
ature of this subject. The solar spectrum with its gorgeous 
tints was for many years before the discoveries of Kirchholf 
and Bunsen a favourite, almost a beloved, subject of study 
with physicists ; the great reward of tliis devotion was 
withheld for nearly half a century ; divested of its colour- 
charm, attracting less study, the spectrum miglit still have 
remained an enigma for another hundred years. 

Colour is less important than form, but casts over it a 
peculiar charm. If form is wrongly seen or falsely repre- 
sented, w'e feel as though ‘‘ the foundations were shaken ” ; 
if the colour is bad, we are simply disgusted. Colour does 
not assist in developing form ; it ornaments and at the 
same time slightly disguises it : we are content to miss 
some of the modeling of a beautiful face for the sake of 
the (‘olour-gradations which adorn and enliven it. 

The ainis of painting and decorative art are quite diver- 
gent, and as a logical consequence it results that tlie use 
made l)y them of colour is essentially different. 'The object 
of painting is the production, by the use of colour, of more 
or less i>erfeot representations of natural objects. These 
attcjiqds are always made in a serious spirit ; that is, they 
are always acconujanied by some earnest elfort at realiza- 
tion. If the work is done directly from nature, and is at 
the same time elaborate, it will consist of an attcmipt to repre- 
sent, not all the facts presented by the scene, but only certain 
classes oi‘ facts, namely, snclj as are considered by the artist 
most important or most pictorial, or to haimionize best with 
each other. If it is a mere sketch, it will include not 
nearly so many facts ; and finally, if it is merely a rough 
colour-note, it will contain perha]>s only a few suggestions 
belonging to a single class. But in all this apparently care- 
less and rough work the painter really deals with form, 
light and shade, and colour, in a serious spirit, the couven- 



COLOUR IN PAINTING AND DECORATION. 807 

% 

tionalisms that are introduced being necessitated by lack 
of time or by choice of certain classe>s of facts to the exclu- 
sion of others. The same is true of imaginative painting: the 
form, light and shade, and colour are such as might exist or 
might be imagined to exist ; our fundamental notions about 
these matters are not flatly contradicted. From this it fol- 
loAvs that the painter is to a considerable extent restricted 
in the choice of his tints ; he must mainly use the pale un- 
saturated colours of nature, and must often employ colour- 
combinations that would be rejected by the decorator. 
Unlike the latter, he makes enormous use of gradation in 
light and shade and in colour ; labours to express distance, 
and strives to carry the eye beneath the surface of his pig- 
ments ; is deliglited to hide as it were his very colour, and 
to h'ave the observer in doubt as to its nature. 

In decorative art, on the other hand, the main object is 
to beautify a surface by the use of colour rather than to 
give a n'presentation of the facts of nature. Rich and in- 
tense colours are often selected, and their effect is height- 
ened by tlio free use of gold and silver or while and black ; 
combinations are chosen for their beauty and effectiveness, 
and no serious effort is made to lead the eye under the sur- 
face. Accurate representations of natural objects are 
avoided ; conventional substitutes are used ; they serve to 
give variety and furnish j}n excuse for the introduction of 
colour, which vsliould be beautiful in itself apart from any 
reference to the object represented. Accurate, realistic rep- 
resentations of natural olijects mark the decline and decay 
of decorative art. A painting is a representation of some- 
thing which is not present ; an ornamented surface is essen- 
tially not a representation of a beautiful absent object, but 
' is the beautiful object itself ; and we dislike to see it for- 
saking its childlike imlepondenee and attempting at the 
same time both to be and to represent something beautiful. 
Again, orTiamental colour is used for the production of a 
result which is delightful, while in painting the aim of the 
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artist may be to represent sorrow, or even a tragic effect. 
From all this it follows that the ornamenter enjoys an 
amount of freedom in the original construction of his 
cliromatie composition which is denied to the painter, who 
is compelled by profession to treat nature with at least a 
fair degree of seeming respect. The general structure of 
the colour-composition, however, being once determined, the 
fancy and poetic feeling even of the decorator are com- 
pelled to play within limits more narrow than would be 
supposed by the casual observer. It is not artistic or sci- 
entific rules that hedge up the path, but his own taste and 
feeling for colour, and the desire to obtain the best rcvSult 
possible under the given conditions. In point of fact, col- 
our can only be used successfully by those who love it for 
its own sake apart from fewm, and who have a distinctly 
developed colour-talent or -faculty ; trainiiig or the obser- 
vance of rules will not supply or conceal the absence of this 
capacity in any individual case, however much they may do 
for the gradual colour-education of the race. 

From the foregoing it is evident that the positions oc- 
cupied by colour in decoration and in painting are essen- 
tially different, colour being used in the latter primarily as 
the means of accomjdishing an end, while in decoration it 
constitutes to a much greater degree the end itself. Tlic 
liidvs which connect decoration with painting are very 
numerous, and the mode of employing (colour varies con- 
siderably according as we deal with pure decoration, ^.or 
with one of the stages where it begins to merge into 
painting. 

The simplest form of colour-decoration is found in those 
cases where surfaces are enlivened with a uniform layer of 
colour for the purpose of rendering their appearance mpre’ 
attractive : thus woven stuffs are dyed with uniform Inios, 
more or less bright ; buildings arc painted with various 
sober tints ; articles of furniture and their coverings are 
treated in a similar manner. 
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The use of several colours upon the same surface gives 
rise to a more complicated species of ornamei)tation. In 
its very simplest form we have merely bands of colour, or 
geometrical patterns made of squares, triangles, or hexagons. 
Here the artist has the maximum amount of freedom in the 
choice of colour, the surfaces over which it is spread being 
of the same form and size, and hence of the same degree 
of importance. In such cases tlie chromatic composition 
depends entirely on the taste and fanc)^ of the decorator, 
who is much less restricted in his selection than with sur- 
faces which from the start are unequal in size, and hence 
vary in importance. After these simplest of all patterns 
follow those that are more complicated, such as arabesques, 
fanciful arrangements of straiglit and curved lines, or mere 
suggestions taken from leaves, flowers, feathers, and other 
objects. Even in these, the choice of the colours is not 
necessarily influenced by the actual colours of the objects 
represented, but is regulate<I by artistic motives, so that the 
true colours of objects are often replaced even by silver 
or gold. Advancing a step, we have natural objects, leaves, 
flowers, flgures of men or animals, usc*d as ornaments, 
but treated in a conventional maimer, some attention, how- 
ever, being paid to their natural or local colours, as well as 
to their actual forms. In such compositions tlie use of 
gold or silver as background or as tracery, also the con- 
stant employment of contours more or less decided, the 
absence of shadows, and the frank disregard of local col- 
our where it does not suit the artist, all emphasize the fact 
that nothing beyond decoration is intended. Up to this 
point the artist is still guided in his choice of hues by the 
wish of making a chromatic composition that shall be beau- 
tiful in its soft subdued tints, or brilliant and gorgeous with 
its rich display of colours ; hence intense and saturated 
hues are often arranged in such a way as to appear by con- 
trast still more brilliant ; gold and silver, black and white, 
add to the effect ; but no attempt is made to imitate nature 
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in a realistic sense. When, however, we go some steps 
further, and undertake to reproduce natural objects in a 
serious spirit, the whole matter is^ entirely changed ; when 
we see groups of flowers accurately drawn in their natural 
colours, correct representations of aijinials or of the human 
form, complete landscapes or views of cities, we can be 
certain that we have loft the region of true ornamentation 
and entered another which is quite different. A great part 
of our modern European decoration is really painting — 
misapplied, 

W e return now to a brief consideration of inonochromy, 
or decoration in a single colour. In order to avoid the 
monotony attendant on the use of a uniform surface of 
colour, lighter and darker shades of the same hue arc very 
often employed. These not only give more variety, but 
serve also as a means of introducing various ornamental 
forms, such as borders, centre-pieces, etc. Monochromy is 
advantageously employed when it is desired, on the one 
hand, to avoid the brilliancy attendant on the introduction 
of several distinct colours, and on the other the dullness 
consequent on the exclusive use of a single tone. It is 
much used in wall-painting, also in woven stuffs intended 
for articles of dress or for covering furniture, and for many 
other purposes. 

In monochi’omatic designs the small interval is very 
frequently employed : for exam})le, in using red, the artist 
will employ for the lighter shades a red that is slightly 
more orange than the general ground ; for the darker, #ne 
that is rather more purplish. In this use of the small 
interval, regard is to be had to the hues which colour 
assumes under different degrees of illumination ; this mat- 
ter is fully explained in Chapter XVII. Monochromatic ’ 
designs can furthermore be enlivened by ornamenting them 
with gold, either alone or in connection with a small amount 
of positive colour. The use of black and white is, ho wever, 
best avoided, as it furnishes occasion for the production of 
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coiitrast-coiours which interfere with the general effect. 
(See chapter on Contrast.) 

In polychroniy a number of distinct colours are em- 
ployed sirardtancously, with or without gold and silver, 
Afliito and black. The laws which guide the selection of 
(?oloiirs in this kind of ornamentation have already been 
considered in Chapter XVI 1. Saturated and intense colours 
are often used to cover only the smaller surfaces ; they are 
then balanced or contrasted with colours of less intensity 
spread over proportionately larger sui’faces. In pui’ely 
decorative polychromy we deal mainly with rich and beau- 
tiful arrangements of colour disposed in fanciful forms ; 
natural objects, if introduced at all, being treated conven- 
tionally. In the composition of such designs, however, the 
artist is controlled to a considerable extent by the shape and 
size of the spaces which the colours are destined to occupy; 
the large masses of the composition in the best polycliromy 
being worked out in colours of proper intensity, wliich 
make by themselves a broad design, over which again small- 
er designs are wrought out in the same and in different 
colours. As remarked by Owen Jones,* ^‘Tho secret of 
success is the production of a broad general effect by the 
repetition of a few simple elements, variety being sought 
rather in the arrangement of the several portions of the 
design than in the multiplication of varied forms.” 

In the best polycliromy great use is made of outlines or 
contours ; they are emplo 3 ^ed to separate ornaments from 
the ground on which they are placed, particularly when the 
two do not differ greatly in colour. Colours that differ 
considerably are prevented by contours, on tlic other hand, 
from melting into each other and thus giving rise to mix- 
tmre tints ; in other words, each colour is made by the 
separating outline to retain its proper position. Contours 
when used for this purpose may be light or dark coloured, 


Grammar of Ornament,” London, 1856. 



312 


5I0DERN CHROMATICS. 


or even black. If tlie ornament is lighter than the ground, 
the contour is made still lighter; if darker, the contour 
will be still darker. In the best decoration the figures of 
men and animals, Avhen introduced, are surrounded with 
decided contours which emphasize the fact that realistic 
representation is not intended. Contours are also made 
white or golden ; they then become an independent part of 
the ornamentation. Contours consisting of several lines of 
gold and silver, white and black, are often used to separate 
colours that do not harmonize particularly well togetlief, 
though, considered in a large way, tliey niay still belong in 
the compositions. These pronoiinced contours are never 
intended to disappear when viewed at a distance, but form 
a new ornamental element ; hence their sliapes will often 
vary more or less from tlie form of the spaces which they 
enclose. 

In tln^ richest polychromy the designs are mainly Avorked 
out in intense or saturated colours, along witli gold and 
silver, white and black. Dark and pale tints are not much 
employed as such, but are produced by black or Avhite 
tracery on the coloured grounds. Correspoiiding to this, 
variations of tlie dominant colours are effected, not by the 
introduction of ncAV tints, but by placing small quantities 
of pure colour on a differently coloured ground ; the two 
colours then blend on the retina of the observu)r and give 
rise to the desired hue. For example, in a richly orna- 
mented table-cover from Cairo, the AA^riter noticed tliat^ tltc 
use of a fine tracery of white on a blue ground gave rise to 
the appearance of a lighter blue, which persisted at a dis- 
tance ; in the border a pure red Avas made to appear orange- 
red by a tracery of yellow ; in other portions, small red 
and white ornaments on a blue ground produced at a dis- 
tance the effect of a light violet tint. 

In the superb decoration of the Alhambra, the colours 
employed on the stucco work are red, blue, and gold ; pur- 
ple, orange, and green are found only in the mosaic dados. 



COLOUR IN PAINTING AND DECORATION. 


313 


The colours are either directly separated by narrow white 
• lines, or indirectly by the shadows due to the projecting 
portions of the ornamentation. Masses of colour are never 
allowed to come into contact. The blue and gold are often, 
however, interwoven purposely, so as to produce at a dis- 
tanec a soft violet hue ; on this ground designs are traced 
in gold and red, tlie gold figures being much larger than 
the red ; or, on the same ground sometimes, will be found 
figures in white with small touches of red. The principle 
for the production of new colours above mentioned is con- 
stantly employed : blue and white blend to a light blue ; 
blue, wliite, and red furnisli a light violet or purple hue ; 
while red and gold mingle to a rich, subdued orange. 
Somc'times in these designs the gold greatly predominates, 
as in the Hall of the Ambassadors ” or in the “ Court of 
the Lions”; here we find a mass of wonderful gold tracery, 
with only small portions of red and blue imbedded in it. 
On tli(‘ dados tlie mosaic designs arc often worked out in 
red-purph', green, orange-yellow, and a dark blue of but 
slight intensity, the ground being grey. Narrow contours 
\ of white separate tlie colours from the ground. To this 
series light blue is sometimes added, or we find coinbina- 
tions of orange-yellow, dark blue, and grc‘en or purple ; 
dark blue and orange-yellow ; or simply orange-yellow and 
small spa<?es of dark blue, the grounds in all tliese cases 
l)eing of a mediuTn grey. The general eifoct of the colour 
of flie mosaics is cool and somewhat thin : it rests the eye 
whhdi lias gazed on the magnificent displays placed above, 
or j)ro])arc‘s it by the contrast for new enjoyment. 

True polychromy has not been very successfully culti- 
yated in Europe since the time of the Renaissance, painting 
having to a great extent usurped its f>lace. Hence in mod- 
ern times we iind not only our jiorcelain, carpets, window- 
shades, but the walls themselves and whatever else it may 
be possible to decorate, covered with groups of fiowers, 
figures, or landscapes, architectural views, copies of cele- 
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brated paintings — all executed with as much pretended 
truth to nature as the purchaser is able or willing to re- 
ward. It is hardly necessary to add that the taste which 
produces or demands such false decoration, while it may 
have much to excuse, has but little to recommend it ; and 
it is not to be expected that any general improvement can 
be effected till the public at large learns better to distin- 
guish between genuine decoration and genuine painting. 

In decorative art the element of colour is more impor- 
tant than that of form : it is essential that the lines should 
be graceful and show fancy or even poetic feeling ; but we 
do not demand, or even desire, that they should be expres- 
sive of form in a realistic sense. Just the reverse is true in 
painting : here, colour is subordinate to form. Neverthe- 
less, its im])ortan(*e still remains very great, and it is trifling 
to attempt to adorn with colour that which is really only a 
light-and-shade drawing. The cliromati(i compositions of a 
painting sliould from the start receive the most careful and 
loving attention ; otherwise it is better to work in simple 
black and white. 

The links Avhich connect designs in mere light and shade 
with works in colour run about as follows : Wo have, as the 
first step, pictures executed essentially in one tint, but with 
endless small modifications. In this way a peculiar lumi- 
noUvS glow is introduced wliich is never exhibited by designs 
executed solely in black and white, or indeed in any* one 
tint. As examples of this kind of work we may mention 
drawings in sepia or bistre, in which the tint is varied by 
the introduction here and there of different quantities of 
some other brown having a reddish, yellowish, or orange 
hue. In the next stage the design is Avorked out essentially 
in bluish and brownish tints. If a landscape, the distance 
and much of the sky Avill be greyish-blue ; the foreground, 
on the other hand, a rich warm brown, with here and there 
a few touches of more positive color. The blue of the dis- 
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tance will be variously modified, having often a greenish 
hue, and being replaced in the more highly illuminated por- 
tions by a yellowish tint. No real attempt will be made to 
render correctly the natural colours of the objects depicted, 
except as they happen to fall in with the system adopted. 
By this mode of working, distance and luminosity can be 
represented far more effectively than by the mere use of 
black and white. Designs of this kind merge by insensible 
degrees into others, where the strong browns of the fore- 
ground vanish, and are replaced by a set of tints which, 
though not very positive, yet represent the actual colours 
of the scene somewliat more truly. The rather uniform 
bluish-grey of the distance, also, is exchanged for a greater 
variety of cool bluish tints, and faint violet and purple hues 
])egin to mingle with the other colours. The yellows and 
orange-yellows become more pronounced, but decided greens 
are not admitted except in small touches, and as the local 
colour requires it ; large masses also of any other strong 
colours that happen to be present in tlie scene will be sug- 
gested rather than represented. In designs of this kind 
there is a good deal of room for the interchange and play of 
different hues, and they make at first sight the impression 
of being veritable works in colour. Many oF Turner’s earlier 
drawings were executed in accordance with these methods, 
which allow the student gradually to encounter and over- 
come the difficulties of colour. The substitution of paler 
tint?; for the real colours of the scene, and particularly the 
exclusion of green, a colour always difficult to manage, 
diminish the possibilities of entanglement in harsh or bad 
combinations of colour, and render more easy the attainment 
of harmony. This mode of using colour is of course con- 
ventional, and pictures of this kind are not to be regarded 
as executed in colour, in the full sense of the word. Among 
genuine works in colour, the simplest are those painted es- 
sentially with a single pair of colours, variously modified or 
combined with grey ; colours widely separated in the cliro- 
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matic circle from the selected pair being admitted only in 
small masses or subdued tones. After these follow chro- 
matic compositions in which three colours with their modi- 
fications are systematically employed in the same manner, 
to the exclusion as far as possible of all others. The char- 
acter of these compositions will again vary according as the 
light illuminating the scene in nature is supposed to be 
white or coloured. If yellowish, the blue and violet hues will 
be more or less suppressed, the greens more yellowish, while 
the red, orange, and yellow tints will gain in intensity. Just 
the reverse will occur xinder a bluish illumination. The 
practice of employing an illumination of one dominant 
colour, wdiich spreads itself over the whole picture, modify- 
ing all the tints, is very common among artists, and has 
often been successfully used for the production of impres- 
sive effects. 

Good colour depends greatly on what may be called the 
chromatic composition of the picture. The plan for this 
should be most carefully considered and w^orked out before- 
hand, even with reference to minor details ; the colours 
should be selected and arranged so that tlu'y all help each 
other eitlic*!’ by sympathy or by contrast — so that no one 
could be altered or spared without sensibly impairing the 
general effect. No rules will enable a painter coldly to 
construct clirornatic compositions of this character ; the 
constant ^stlldy of colour in nature and in the Avorks of great 
colourists will do much, but even more important still is' the 
possession of a natural feeling for what may be called the 
poetry of colour, wdiich leads the artist almost instinctively 
to seize on colour-melodies as they occur in nature, and af- 
terward to reproduce them on canvas, with such additions 
or modifications as his feeling for colour impels liirn to m*ake. 
Thus it is often advisable to deepen nature’s colours some- 
what, as in the case of the pale-tinted greys of a distance, 
or in the mere suggestions of colour often presented by 
flesh. In this process the proportions of the coloured and 
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white light* df nature are somewhat altered, and the col- 
oured element made more prominent. On the other hand, 
all the colours may be made paler and more greyish than 
those of nature ; yet if they retain their proper relations, 
if all are correspondingly affected, the harmony will not 
be disturbed, and a design of this character will still be, 
from a chromatic point of view, logical. If the cold hues, 
the greens and blues, are allowed to stand in full strength, 
while the warm colours, red, orange, and yellow, are weak- 
ened, a particularly bad effect is produced. 

Good colour, then, depends primarily on the chromatic 
compositions ; next in importance on the drawing, includ- 
ing under this term outline and light and shade. The want 
of good, decided, and approximately accurate drawing is 
one of the most common causes that ruin the colour of 
paintings. Powerful drawing adds enormously to the value 
of the tints in a coloured work when they are at all delicate, 
or when the combination contains doubtful or poor colour- 
contrasts, which in point of fact is a case common enough 
in nature. Here the artist is obliged either to reject the 
material furnished by nature, or to treat it in nature’s own 
way ; that is, the drawing must be excellent and the grada- 
tion endless. Poor or bad combinations of colour are al- 
most converted into good combinations by suflicient grada- 
tion. When all the tints are pale, as in distances, it is 
almost impossible to cause them to appear luminous or bril- 
liant without tlie aid of delicate and accurate drawing. 
There is still another way in which the drawing iniluences 
the colour ; perfectly clear, clean tints can be used, and will 
look well, where the same colours in a slightly soiled or dirty 
condition would be quite inadmissible. This results from 
the circumstance that helpful contrast is favoure<l by clean, 
even tints, while harmful contrast is strengthened by a dirty 
or spotty condition of the pigments. This is peculiarly true 
when the colours are not very positive, or are low in the 
scale j the tints, if not clear and decided, instantly lose all 
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value and become a blemish. To insure this desirable ap- 
pearance, called by artists purity, the colours must be laid on 
rapidly and with decision, and not afterward gx’adually cor- 
rected ; but to do this requires the hand of an accomplished 
draughtsman. 

The advance from drawing to painting should be grad- 
ual, and no serious attempts in ciOlour should be made till 
the student has attained undoubted proficiency in outline 
and in light and shade. Amateurs almost universally 
abandon black and white for colour at a very early stage, 
and this circumstance alone precludes all chance of prog- 
ress, The stage of advancement can, however, be v(‘ry 
easily ascertained. Thus, for example, if the student (^an 
not execute a perfectly satisfactory study of any class of 
subjects in outline Avith slight shade, then there is no use 
in trying full light and shade ; if it is impossible for him 
to draw the objects in full light and shade in a rather mas- 
terly way, then there is no use in attempting colon]*. The 
method employed by Turner of gj*adually effecting the 
transition from black and white to colour has been just 
described, and is worthy of the most careful study. In 
making the first essays at colour, it is advantageous to exe- 
cute careful studies of the scene in full light and shade, 
but to note doAV'Ti the colours only in writing and in the 
memory. Afterward, from these notes and the black and 
white drawing, a colour-sketch may be attempted, muKiy 
from the scene. By this means fliictnations of judgment 
about the colours and their relations are avoided, and, 
though the painting may be all wrong, it has at least a 
chance of being executed on one plan, and its frank errors 
can afterward be ascertained. Beginners when working in 
the presence of nature are apt to keep constantly altering 
the plan of the chromatic composition, in the hope tliat it 
will at last come right, and thus waste much time. Artists 
under similar circumstances deliberately make up their 
minds beforehand what colour-facts they Avill take, what 
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view of the problem they will adopt, and adhere to this 
decision unflinchingly. 

After some progress has been made, the colour-sketches 
that are attempted directly from nature should be simple 
and executed with reference to colour^ the element of form 
being kept quite subordinate. The very natural desire to 
make Homething that will afterward look like a picture is 
to be suj)presscd, and the work performed rather with an 
eye to the remote future. Beginners always neglect the 
large relations of light and shade and colour, dwelling on 
those that are small ; whereas the aim of the true artist is 
the production of a broad general effect by the use of a 
few masses of colour, properly interchanged and contrasted, 
variety being gained not so much by the introduction of 
new colours as by the repetition of the main chords. Va- 
rious modes of contending with this evil have been sug- 
gested. One of the simplest is making the colour-sketches 
so small that there is hardly room for anything but the 
main masses of colour, the use of small brushes meanwhile 
being avoided, (/hrresponding to this, it is frequently 
found that if a iilctun^ by a beginner is actually cut up 
into two or more parts, the fragments thus ])rodueed are 
better in the matter of chromatic composition than the ori- 
ginal. 

There are several other stumhling-blocks that are en- 
countered with much regularity by those who make their 
fir^t essays in colour. One of the most important is the 
tendency to employ in the painting colours that are vastly 
more intense than those displayed by nature. Tlie colours 
of nature arc usually pale and low in intensity, even when 
they make upon the beholder just the reverse impression ; 
' and a practical knowledge of this fact is not to be imme- 
diately attained. Distant fields, for instance, often appear 
to be of a rather intense green hue, when the colour actu- 
ally presented to the eye may be scarcely more than a grey 
having in it a faint tinge of green. The actual colours 
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exhibited by different parts of a landscape ihay be advan- 
tageously studied by isolating them, according to a sugges- 
tion of Ruskin, with the aid of a small aperture, half an 
inch square, in a piece of white cardboard, held at arm’s 
length. By this simple proceeding the student can con- 
vince himself of the true nature of the tints composing a 
scene, for when thus isolated they are not heightened by 
contrast. With such square jKitches of colour, the judg- 
ment is not so inucli affected by the inernory of the hues 
which the objects exhibit at short distances, or by what 
artists call their local colour. The local colour of grass is 
green, but if placed at a distance it may display a great 
variety of pale tints, scarcely even greenish ; yet owing to 
the action of the memory the distant grass still suggests, 
not the idea of a variety of pale delicate greys, but of its 
local colour, green. The illustration is very old, but the 
principle applies not only to the greens, but to all colours : 
all will be altered by dLstance, by the brightness of the il- 
lumination or by its colour. The hues of all objects are 
also greatly affected by their surroundings, as explained in 
the chapter on contrast ; and this is another source of per- 
plexity and confusioii to the beginner, Avho is constantly led 
astray by appearances due to this cause. The extent of the 
difficulty can be appreciated when we remember that con- 
trast affects not only the intensity of the colour, but its 
position in the chromatic circle, and also its apparent lumi- 
nosity, and is particularly lively in the case of the p/ile 
colours of nature. It is as well to meet this difficulty fair- 
ly face to face, and, instead of spending all the disposable 
time in endeavoring to solve the riddles of contrast pre- 
sented by nature, to reverse the process, and occasionally to 
construct in the studio simple chromatic compositions found-’ 
ed on the kiiowni laws of contrast, and thus study its effects 
by experiment as well as by observation. 

The appearance of colour, as has been explained in an- 
other chapter, depends also greatly on gradation ; colour 
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which is uniform appearing hard and disagreeable, while 
the same tint when gently varied becomes pleasing as well 
as truer to nature. Gradation of colour is almost universal 
in nature, and a considerable part of the education of the 
student consists in its study and practice. The uneducated 
eye feels the ejffeet of gradation in nature and in a painting, 
but is quite unable to trace the delicate play of colour and 
light and shade on whicli it depends. Skill in the use of 
gradation gives the artist great power to manage large 
masses of nearly uniform colour, and an astonishing mas- 
tery over colour-combinations which inherently are of 
doubtful value. 

The enormous influence of good, decided drawing has 
already been alluded to, but we return again to the matter 
for a moment, to insist on the ad<led lustre which all the 
tints of a painting acquire when connected with good, well 
wrought-out light-and-shade effect. The beginner can most 
easily convince himself of the great influence whicli the 
light-and-shade effect exercises on tlie colour, by copying 
the engraving of some simple subject by a master in such 
colours as may seem most appropriate, and then comparing 
the coloring thus obtained with that of liis own original de- 
signs. Tlie selection of jiigmcnts in both cases is by the 
same liand, but it will be found that the masterly liglit and 
shade has given a value even to the colours, wliicli without 
this little plagiarism they would not have possessed. 

♦ In painting, tlie selection of subjects on account of their 
chromatic qualities is a very important element of success. 
It; is only by experience that artists gradually learn better 
and better how to select their subjects, and the mistakes of 
beginners in this respect are often a source of prolonged 
discouragement. Subjects which contain much green are 
invariably difficult to manage, and should as far as possible 
be avoided in the earlier stages ; green fields, green trees, 
green mountains, all need great skill if the colour is ren- 
dered with any approach to fullness. This is the reason 
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that the older landscapists lowered the colour of their trees 
to a dull olive-green, and even to brown. Combinations of 
green, blue, and grey or white are very common in nature, 
but difficult to handle, and necessitate the use of an un- 
usual amount of gradation. From a chromatic point of 
view the combination is poor ; as seen in nature, we do not 
value it less on that account, perhaps more. It is delight- 
ful to see how much can be accomplished witli elements of 
such doubtful value. Again, effects which are much de- 
pendoit for beauty on very high degrees of luminosity are 
difficult, for their pale colours, when transferred to canvas 
and robbed of their natural luminosity, are apt to appear 
tame enough. In the same category wc must place dis- 
tances, with their excessively pale, delicate tints. The col- 
ouring in nature seems very brilliant, but in point of fact 
the effect is produced partly by mere luminosity, and partly 
by the aid of tints differing so slightly fiom each other and 
from grey that the problem of imitation, either literal or 
free, is not at all easy. 

We might go on in this way adding to the catalogue of 
art difficulties, but perhaps it will be asked, What subjects 
are easy? The truthful answer is simply, that all are diffi- 
cult if even a moderate degree of excellence is demanded. 
The painter who wishes to excel in colour devotes his life 
to this object, and is constantly accumulating studies and 
sketches from nature of all kinds of subjects, some quite 
elaborate, others with less detail, many mere colour-notj^s. 
Quite often beautiful effects of colotir in nature last only a 
few minutes ; these will be treasured in the memory and 
transferred to paper or canvas the next day, the sketch 
being completed only far enough to fix the facts in the 
memory of the artist. Many experimental sketches will be 
made, not directly from nature, but with a view, as it were, 
of guessing at the elements on which certain difficult or 
evanescent chromatic effects depend, and also for the pur- 
pose of ascertaining their relations to mere light and shade. 
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This varied work in colour will be accompanied by constant 
practice in black and white for light and shade, and in out- 
line for form, since bad drawing is ruinous to colour. All 
the while there will be more or less anxious study of the 
works of good colourists, ancient and modern ; and this work 
will be pushed on month after month with patient energy, 
till, after a score of years or so, the student finally, if gifted, 
blossoms out into a colourist. 



NOTE ON TWO RECENT THEORIES OP COLOUR. 

HKniNO has lately proposed a theory of colour which is quite different 
from that ut' Young. According to the new theory, the retina is provided 
with three visual substances, and the fundamental sensaiious are not three 
but six : 

Black and White. 

Red and Green, 

Blue and Yellow, 

Each of these three pairs corresponds to an assimilation or diassimilation 
process iu one of the visual substances ; thus red light acts on the red- 
green substance in exactly the opposite way from green liglit, and when 
both kinds of light are present iu suitable proportions a balance is effected, 
and both sensations, red and green, vanish. 

Furthermore, according to this theory, all the colours of the spectrum 
also affect the black and white substance in the same way that white light 
does ; for example, red light affects the red-green substance and produces 
the sensation of red, but it also acts on the white-black substance, and the 
sensation of red is mingled with that of white — to a large degree. Conse- 
quently, according to this tlieory, the white which is produced by mix- 
tui cs of red and green light ought to have a less intensity than the sum of 
the separate components ; but according to the experiments of the author^'thia 
is not the case.* For further details the reader is referred to the original 
paper, “ Lehre vom Lichlsinne,’- Vienna, 1878. 

In 1876 F. Boll discovered that the retina contained a red or purple 
substance that quickly disappeared on exposure to light. Boll and Kiihne 
have both studied the effect of monochromatic light on this coloured subr 
stance, and it was found that red light intensified the hue at first and after- 
ward caused it to fade slowly. The action of yellow light was slow ; green, 
blue, and violet light acted more quickly. On observations of this charac- 


* “American Journal of Science and Arts,” October, 18T7. 
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ter Kiihne has constructed a theory of vision. He euppoaes that the waves 
of light give rise in the retina to different compounds according to their 
length, and thus produce the different colour-sensations. If three such 
compounds are thus produced, giving rise to the sensations red, green, and 
violet, then this new theory is identical with that of Young; if there are 
five such compounds, furnishing the sensations red, yellow, green, blue, vio- 
let, then the apparatus for yellow and blue has been duplicated in the 
retina, since it can be shown that a mixture of the sensations red and green 
gives that of yellow, a mixture of green and violet that of blue. Good rea- 
sons can also be adduced to render probable the idea that yellow and blue 
arc not fundamental sensations, but mixtures (compare the observations of 
Bezold in Chapter XII.). For additional information the reader is referred 
to the papers of Kiihne published in the “ Verhandlungcn des Naturhisto- 
rischc-inodicinischcu Vereins zu Heidelberg, 
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126; no fixed relation exLsts between 
I wave-lengths of complemonuiry colours, 

‘ 175: j)rismatic colours change with -their 

I brightncvss, ISl. 

; Helmholtz and Yoimg, colour theory of, 

I 113. 

j Helmholtz's spiral disk for after-images, 98. 
j liering’s theory of colour, 824. 

; Holmgren, examination of colour-blind per- 
j SODS by, 99. 
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Iluddart, remarkable case of colour-blind- | JNicpcc de Saint-Victor's expcrirncuts on 


ness, Ui). 

Hue, So. 

I 

Illuniination. monochroaiatic, 102. 

Indigo, cuinplemeiit of, 178; its real colour, 
21 ; lonn impre'porly used by Newton, 
lb. ; unlit desipiiatioii of spectral hue, ib. 

Insects, colour of, 61. 

Jiilorval, small, 278, 

K 

Kuluufs theory of colour, .S24. 

I. 

Lambert, apparatus of for mixinpr coloured 
lipht, lib; his apparatus used for mixing 
colours, WO; coloui'-chart of, 222. 

l^uuip-iiKlit, ('iVocts of on colours, 164. 

Lo llloiid, colonr chiirt of, 222. 

Listing’s cxpennionts on spectrum, 20. 

Luminosity of colour, 88. 

Lustre, Hove’s theory of, 2S0. 


M 


' for 


Magnus, Hugo, on development of see: 

eolour, 101. 

Maxwell on colour-blindness, 108; fiinda- 
numtul <*olourc), 120; iiiteusity of funda- 
mental colours in ]»i'ismfttic sp‘*<'i^bin, 

123 ; mixture of prisinatic colours. l'2d 
Max well’s colornr-diagrain, 321 ; reconstruct- 
ed, 328. 

Maxwell’s disks, 100, 130. 

Ma^'or, A. M., his history of Young’s theory, 

122 . 

Mayer, II., his arrangements for contra.st, 
2 * 00 . 

Mayer, T., coloiir-chai’t of, 228. 

Mc'diurti with whudi pigments arc mi.xed, 

TT. 

Molloni opposed to nrewstcr’s theory, 109. 
Metals used in painting, 86. 

Mile, his mode of mixing colouns, 139. 

Milk, colon ra produced by, 63. j 

Mixture of iduo and yellow light makes 
. Avhitc, 112 ; of colon rs by binocular vision, ! 
:jjf8; of coloured rays of prismatic Rpec- | 
triim, 12G; of difl'orent-coUnred light, { 

124 ; of pigments, theory and elTects, 1 11 ; 
of prismatic, colours, 111; of white and 
coloured light. 31, 82. 

Monochrfunatic illumination, 102. 
Monochromy, 308, 310. 

Moonlight, colour of, 187. 

Morton, II., thallcne -described by, 68. 
Mountains, distant, colours of, 69. 

Muller, J. J., on fundamenUd green, 121 ; 
graiU light in mixture produces a whitish 
tint, 119 ; mixture of prismatic colours, 
126 . 

N 

Newton’s diagram for the colour-blind, 1 05 ; 

for lamp-light, 105. 

Newton’s experiment, 18. 


photographing (rolours, 80. 

Nitrate of ]>ota6h, colours of. in polarued 
light, 47. 

NolKTt, diffraction grating of, 23. 

Normal spectrum, 21, 26; appearance of, 
122 . 

P 

Painting, first practice, 31 S. 

Painting and decoration divergi'iit in aim, 
306. 

Painting and drawing, connecting links, 314. 
Pettenkofer’s jn'occss, 68. 

PlViff, experiment of on optic nervo with 
electricity, 9. 

Pliosphorosconce, colours of, 04. 
Photographs, instantaneous, itcculiarity of, 
207, 

i Photography, coloured, thus far .a failure, SO. 

! PicTce, c -harles, darkened red becomes nioro 
]/Urj»!ish, ls6; fundurnental green, 120; 
oliservation on colour-bliudne.ss, 96; pho- 
tometric researchc.s of, 41. 

Pigments, action of light on. 88; appear- 
ance of a1f(MUed by iii(*.diunj. 77 ; comjiara- 
tive luminosity of, 76; only three abso- 
lutely essential, 108; pecuiinr ]»ro]terti< s 
of intlucnce their mixtures, J24 ; used for 
set of conijdementary disks, 179. 

Pigments and stained glass com p.ured, 73. 
Pisico, P. J., on lluorcsccncc', 63. 

: .Plateau on <Uirfiti<in of imijn'^sifui of col- 
oured light on refiuii, ‘2uC; p'hotojiietric 
! ex]>eritJK‘nt of, 206. 

j Platino-cyanidjo of barium used for lluores- 
1 eence, 63. 

Polarization, production of colour l)}\ 43. 

I Polarizing api'iind us, sirujde, 44. 
i Polyehromy, 311. 

I Pouchet, observ atiun.s of on cudour of ll'Uin- 
dera, 101. 

{ Preyeron coloiir-ldindness. 97, 98. 
j Prismatio colours, mode of i. so la ting, 19. 
j Prismatic spectrum, 18. 
i Piirit 3 ’^ of colour. 32. 

I Purkfuie, relative luminosity of vvai-m and 
j cold colours doi)cndent on the degia'e of 
illumination, 189. 

Purple, how produced, 28. 


R 

P.agona Sclna. .appar.af us of for coutrast, 267. 

rieeompo.rition of white light, 2S. 

Pod, Rensation of, more, intense wlicn green 
and violet nerves are fatigued, 1 1S. 

Ped light, action of on green nerves, 117. 

Kelloction, by polished surface.s, 11 ; by 
rough surfaces, 18; by water, 12; of col - 
oured light by rough surfaces, 13 ; of light, 
11 . 

Rognaulton binocular pcrcei)tion of colour, 
159, 

Petina. 10- 

Kood OT 1 binocul.ar perception of colour, 
169; colonr-bliudnos.s produeed by a .slujck 
to nervMia system, 9-6 : coloured spaces 
in specteuiu, 22, 24; colours corresponding 
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to certain \vavcvlon"th», 20; comparison 
of olifcts or ubsorplioij and true rnixturo 
of Uirht, l ifl; conijdomontfiry coiours by 
hi! M p light, 178; compkanentary di»kB, 
ITI; coinplomout of rod, Kl-t ; contra-st- 
civclcs, y4s; contraat-dingram, ‘25U; 
liiaiiuiiof f.ho coloured spaces in the pria- 
liiatio spootruin, ; oLtocla of gns-liglit 
on onloiir, Jhft; ojtporiToonta on darkoned 
pigfut nta, Irah, IbS; exporimonta on pig- 
liivuts, t'O ; oxperiinonts on subjuctivo 
O'Oours, Ot; grey haa a tendency to blue, 
Jid luroinoaity of jagmonts, 1^5; motbf'd 
of CO ru paring tlio liauinosity of white, ninl i 
ooioured surfaces, 3-1.; rnixturoa of wliito j 
and coloured light, IkT : peculiarity of i 
thin layers of [»igmontt?, liiy ; position of \ 
['iirmoits in riormal spc-ctruin, i>S ; (juan- i 
t itative anaiy.sisof white* ligld, 41 ; rctloct- i 
ing power of hluck disks, 181; retJoction i 
of coloured light frotn coloured surfaces^ j 
lift; size of coloiirod ajuicoa in itonual ' 
spectruin, 84; saturation-diagram, 283 ;i 
t!!U(; nocossaiy for porcoption of colour, ! 
1(!2 ; wo S ' 0 length corresponding to ditfer- ! 
on t colours, 26- j 

Eiiilicrfuvd, «>bHcvVHtk>ns of on l>luo of tlu- j 
bpectruru, 121 ; juisinatic colours change I 
with their brightnchH, 181. ' ! 

iviitluu'f'nrd’H autoiiiutk^ spcctro.scopc, 87 ; ^ 
di fraction grating, 23, 2d ; diliraetiun ; 
plates, 38. 

.Kh-vkin on mixing colours, lid; on oolour- 
gredatiorj, *278. 

S 

Santonin, colon r-])liridn<>ps produced by, 03 
Sidunti ion-diagrani, Ro('d’s, 2J>{. 

Schclsko on c<dour-b!iud xono of normal 
eye. 37. 

8c(.-))c-ck’i? obs’crvatioiifi on colour blindness, 

96. 

Regain on colours of aftcr-iTnagC'*, 93. 
ScKo.iito, colours of in pohirized light, 14. 
Bhudow confused with rellccUon, ib. 
i^holh, c<dor)rs of, f 1. 

JSirnWV i. rytliro'u opo, 83. 

8ky, colours of, 6-4. 

^innll uitcrvals, tal-h* of, 274. 

Htrioko, opali-secid. colours of, To. 

Solar fi|)cctrum, I k 

J^oap -bubbles, colour.s of^ 40 ; fal.scdy paint- 
ed, ifVn ' 

Spectra duo to chloride of chromiimi, 72. 
8p£-ctroinctcr, 21. 

8poctr()Rcojic, 20. 

HpcctruTo, diftVaedion, 23. 
aix'ctnun duo to blue* glass, 70 ; to green 
gla.ss, ih . ; to gTccn leaves, 8*2 ; to red 
glass, 66: to suialt pApw;'r, 75 ; to stahuid 
gla,‘;'S varies witti lld<*kn<-s3 of gla.ss, 71. 
rpcctrum, normal, 28 : ni){»carance of, 122 ; 
‘normal and prismatic compared, 23; of 
orange glass. 6ft ; prismatic, 18. 


Btained glass, colour transmitted by, 16 
and pigments compare*!, 73. 

Btokes, reBcarch(?s of on lluort-.sconco, 62. 

Bucc.vSHive contrast, 28r>-‘242, 

Sugar, colours of in polarized Itglit, 46. 

Sujj>hide of l)arium, phos]>horcscencc of, 64 ; 
of calcium, ib. ; of strontim o, *6. 

Sunset colours, nonnal series, 61. 

T 

Tnblo of fixed lines in solar sf>ectrum cak u 
lated to 1,000 parts, 22. 

Tables of colours in p.airs, 256-201. 

'Tait, colour-bliuditcss prodiu^-d by fever, 05. 

Tartaric acid, colours of in ;>u]a vVi!;n.d Jigi).t. Kh 

Thallene, lluore^Bcenee of, 63. 

Theories of cokvar, recciut, 32-1. 

Thin tliins, colours of, -Ift. 

Transluccncy, 15. 

Tran8njis.siou of light, 15, 

IT 

TTr.nnium gla.ss, for production of lluores- 
ccnco, 62. 

V 

'Vi-ge lotion reilects red light, B3. 

Veins, colours of, 58. 

Velvfd.. colours i>f, 79. 

Vernudioii, spectrum of, T5. 

Vierordt's phutoruotric rc'se.'uches on tht 
spectrum, 83. 

Vision, theory of, 11. 

Von Bczold, observations of oii darkened 
prisinutic spectrum, l’;^3, 

W 

Warm ami cold colours, proportion of in 
wdiite light, 42. 

Wave-length m;ide grejiter in Ihioresca'iice, 
62. 

Wave-length and colour do not cliange 
e/ju»i)y, 27. 

Waves oflight prodneo sensation of colour, 

17. 

Wlntc lend on dark ground app<-'f** “ 

r>6. 

Wldte light rcllocted from surfticcti of ptfJf' 
incnis, 76. 

Windov/'gl-i.sa. old, colours of, f>2. 

Woinovv o,u eolour-bUnd zone in Momialoyo. 
ftft. 

Wollaston noticed fixed lines. 24. 

Wiiiisch i>n fuudaineiital colours, 122. 

Y 

YelTnxv, comploinenfc of, 177; from a iu’\' 
tmo of re<l and green light, not vef*;* brii- 
liant, 116. 

Young, colour tlujory of, 118. 
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